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This dissertation is intended to evaluate the effects of economic and risk factors
on three aspects of sexual and reproductive health: maternal mortality, prenatal care
demand, and contraceptive use. The first study of this dissertation discusses the effects of
risk factors and socioeconomic determinants on maternal mortality. This research uses a
unique, nationwide panel of counties to analyze maternal mortality in Madagascar.
Factors like health environment and access to health services were controlled for. The
results indicate that female literacy and wages decrease maternal mortality. Other factors
related to health infrastructure, and diseases can represent a burden to women's health.
The second study of this dissertation examines the effects of shocks and other
economic determinants on prenatal healthcare provider choices. Shocks are unanticipated
events that reduce household income, consumption, and/or the accumulation of
productive assets. Two types of shocks are evaluated in this research: idiosyncratic and
covariate. Idiosyncratic shocks affect only the household, while covariate shocks involve
the entire community. The findings suggest that covariate shocks increase the likelihood
of using formal prenatal care. Shocks that affect the entire community can affect the
community support, cause food uncertainty, and result in a lack of other health resources

to women. Other important factors in prenatal health care choices are education and
income.
The third study of this dissertation examines the effects of shocks and other
economic determinants on the choice of contraceptive method. Because shocks may
increase the health risks to infants and reduce resources that can be devoted to children,
women may want to use contraception as a strategy to prevent these negative outcomes.
This research looks at four types of shocks: economic, environmental, health, and crime.
The findings suggest that when a woman faces an economic shock, she is more likely to
choose formal contraceptives use. Other factors like death of an offspring, maternal
mortality, and education also are important in a woman's contraceptive use. The results
in this dissertation can help identify some factors that threaten women's health and can
help Madagascar accomplish the fifth goal of the Millennium Development Goals which
aims to reduce maternal mortality and improve maternal health in developing countries.
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CHAPTER I
INTRODUCTION, BACKGROUND AND MOTIVATION

1.1 Sexual and Reproductive Health in Developing Countries

Sexual and reproductive health can influence the welfare and economic
performance of households in developing countries. Factors like the level of fertility, the
incidence of sexually transmitted disease, and maternal and infant morbidity and
mortality can have an effect on the wealth and labor market performance of the
household. Improvement of health services related to sexual and reproductive health may
have a crucial role in development.
The World Health Organization (WHO) classifies sexual and reproductive health
as a broad area of healthcare.

Sexual and reproductive health includes issues like

adolescent sexual behavior, family planning, maternal and prenatal health, reproductive
tract infections such as STIs, HIV/AIDS, unsafe abortions, and violence against pregnant
women.

For example, the fifth goal of the United Nations' (UN) Millennium

Development Goals (MDG) is focused on issues related to maternal health (UN, 2010).
The MDG are a different set of goals that look to improve different areas like poverty,
health, and environmental sustainability in developing countries.

The fifth goal

particularly looks for reduce maternal mortality and improve maternal health.
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The fifth goal of the MDG has two targets: reduce the maternal mortality ratio by
three quarters between 1990 and 2015 and create a universal access to reproductive
health. One specific area that the MDG said needs to be improved is the rural-urban gap
of healthcare provisions. Health professionals and services commonly are concentrated
in the urban areas of developing countries. This phenomenon results in women who
suffer obstetric complications in remote and rural areas stay without the provision of
basic health services.
The MDG also points out that to improve maternal health, adequate antenatal care
services (i.e., at least four visits with a health professional) have to be provided. The
provision of adequate antenatal care services is important to prevent pregnancy
complications that can jeopardize maternal and infant health. Furthermore, the MDG
encourages the use of contraceptives among women with no formal education and poor
women, since these groups are at higher risk of maternal mortality and morbidity.
This dissertation evaluates the effects of economic and risk factors on different
aspects of sexual and reproductive health. Three topics are considered: maternal
mortality, prenatal care demand, and contraceptive use. These studies use different data
sets from Madagascar. In the following sub-section, I present a general overview of the
state of economic and sexual and reproductive health in Madagascar and Sub-Saharan
Africa.
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1.2 Maternal Mortality
Maternal mortality was one of the leading causes of death among women of
childbearing age in the world. In 2005 factors like obstetric complications, malpractice,
and diseases generated about 600,000 maternal deaths around the world (WHO, 2005).
These birth-related conditions also cause about 20 million women to suffer acute health
conditions annually (Souza et al., 2007). Most of these maternal deaths occur in south
Asia and Sub-Saharan Africa.
WHO (2005) classifies maternal death in two groups: direct maternal death that
includes both pregnancy complications and malpractice and indirect causes of maternal
death that consist of health conditions like severe anemia, HIV, and infections (Ahmed et
al., 1999; Ronsmans and Graham 2006).

In Africa obstetric complications like

hemorrhage, infection or sepsis, hypertensive disorder, and obstructed labor are the
leading direct causes of maternal death (Prata et al., 2009). Among the more prevalent
indirect causes of maternal mortality are malaria, tuberculosis, and HIV (Prata et al.,
2009).
In 2005 the estimated average maternal mortality ratio (maternal deaths per
100,000 live births) in Sub-Saharan Africa was 900 (UNICEF, 2008). The maternal
mortality ratio (510) in Madagascar was lower than the Sub-Saharan Africa average in
this period. The levels of HIV may explain the gap between the maternal mortality rate
in Madagascar and the region (USAID, 2008).

In 2005, the HIV prevalence in

Madagascar was about 0.2 percent, one of the lowest in Africa when compared with the
6.1 average for the region.
3

Another factor that could influence the gap between the maternal mortality rate in
Madagascar and the region is that this country may have relatively better public health.
Madagascar has higher rates of prenatal care and contraceptive use than the Sub-Saharan
region. Prenatal care and contraceptive use are two of the most important indicators of
maternal health (Geller et al., 2008; Stover & Ross, 2010).

1.3 Prenatal Care
The lack of prenatal healthcare has been identified as an important determinant of
maternal mortality (Bhatia, 1993). About 69 percent of women of childbearing age in
Sub-Saharan countries received prenatal care by skilled health personnel at least once
during pregnancy, and 42 percent received this care at least four times (UNICEF, 2008).
In the case of Madagascar, about 80 percent of women of childbearing age in SubSaharan countries received prenatal care by skilled health personnel at least once during
pregnancy; about 40 percent of women received this care at least four times (UNICEF,
2008).
Four prenatal care visits are considered to be the minimum necessary to provide
basic health services (UNICEF, 2008). Some health services that are provided during the
prenatal care visits are measurement of adequate growth, micronutrient supplementation,
diet recommendations, treatment of hypertension to prevent or control eclampsia,
immunizations, distribution of insecticide-treated nets, treatment for malaria, prevention
of transmitting HIV or other sexually transmitted diseases, birth preparedness, and
identifying other risk indicators during pregnancy (UNICEF, 2008; Klein et al., 2004).
4

These interventions are meant to protect the health of both the mother and the infant.
These services also can have a preventive impact on health and may reduce further health
costs.

1.4 Contraceptive
Contraceptive use may be important to maternal health.

The UN estimates

indicate that the use of contraceptives to reduce unintended pregnancies can reduce
maternal mortality. A drop in the annual number of unwanted pregnancies from 75
million to 22 million can reduce maternal deaths by about 27 percent yearly (UN, 2010).
The contraceptive prevalence of women in unions (i.e., married or unmarried, but
living with partner) aged 15 to 49 and currently using contraception during the period of
2000 to 2006 in Sub-Saharan countries was 23 percent. In Madagascar the contraceptive
prevalence was 4 percent higher than the average for the Sub-Saharan countries
(UNICEF, 2008). This suggests a higher institutional commitment to reducing fertility.
However, Madagascar has a lower contraceptive prevalence than the average for the
world (61 percent).

5

1.5 Madagascar
Madagascar is the fourth largest island in the world and is situated off the
southeast coast of Africa. In 2010, Madagascar has a population of 20 million people,
and about 70 percent of the population lives in rural areas. Madagascar has a high
population growth of about 3 percent, one of the highest growth rates in the world. One
of the main demographic forces that drive population growth is fertility. Madagascar also
has one of the highest fertility rates in the world. In 2010, the birth rate in Madagascar is
about 38.14 (births per 1,000 population) (CIA, 2010).
Most of the population in Madagascar is young, and of reproductive age. The
median age for a Malagasy is about 18.3 years old for females and 17.8 for males. In the
population structure, 43 percent of the population is in the range of 0 to 14 years and 53
percent are in the 15 to 64-year-old range. The life expectancy at birth in Madagascar is
64.91 years for females and 60.93 years for males. The sex ratio (males/female) of .99
indicates that there are more females in the population (CIA, 2010).
As in other developing countries, Madagascar's private health services are
allocated mostly in urban areas, especially the capital city, Antananarivo. Francken et al.
(2008) mentioned that 23 percent of the population lives in Anantanarivo and 33 percent
of physicians are allocated in the capital city. The public health system in Madagascar
has a pyramidal structure.

In this structure primary clinics are on the bottom, and

regional and university hospitals are at the top (World Bank 2007, Francken et al., 2008).
Hospitals usually are allocated in the seat of the district and have specialized health
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personnel and sophisticated equipment. Conversely, primary clinics have rudimentary
facilities, and the health personnel are limited to nurses, midwives, or nurses' aides.
Some of the common tropical diseases in Madagascar are typhoid fever, malaria,
plague, and schistosomiasis have a higher occurrence on the island than the sub-Saharan
region (CDC, 20-10). However, Madagascar has a lower rate of HIV than the subSaharan region (USAID 2008). The infant mortality rate was about 84 (deaths per 1,000
live births), relatively low if comparing with 253 in the region (UNICEF, 2010).
Furthermore, maternal mortality and the spread of HIV are lower than in other countries
of the Sub-Saharan region.
Madagascar is one of the poorest countries in the world. This former colony of
France obtained its independence in 1960 and after that experienced a reduction in real
production (Francken et al., 2008). In 2005 the GDP per capita in Madagascar was
US$290 (World Bank, 2007). In this year, approximately 70 percent of the population
lived below the poverty line. The literacy rate (i.e., individuals age 15 and over who can
read and write) in Madagascar for females is 62.5 percent and for males is 75.5 percent.
Furthermore, the expenditure on education is one of the lowest in the world, about 3
percent of the GDP.

1.6 Dissertation Overview
There are many open questions regarding how economic factors affect sexual and
reproductive health in developing countries. Not many studies address the effects of risk
7

and vulnerability on sexual and reproductive issues. This dissertation is intended to
evaluate the effects of economic and risk factors on three aspects of sexual and
reproductive health: maternal mortality, prenatal care demand, and contraceptive use.
The second chapter of this dissertation discusses the effect of risk factors and
socioeconomic determinants of maternal mortality. This paper uses a unique, nationwide
panel of communes (i.e., counties) to analyze maternal mortality in Madagascar. The
Madagascar Commune Censuses provide economic, infrastructure and health information
for 2001 and 2007. I control for factors like health environment (e.g., disease prevalence)
and access to health services, such as health professionals and health facilities. The
effects of other economic and demographic factors (e.g., income and poverty) also are
considered.
One of the main issues of dealing with maternal mortality data is measurement
error. Factors like absence of health professionals and distance to the health facility can
increase the misreporting of maternal mortality.

This effect can mask the true

relationship between maternal mortality and this variable. I find that factors like female
literacy and wages decrease maternal mortality. Other factors like absence of primary
clinics, time to the hospital, and local malaria and tuberculosis incidence can increase
maternal mortality.
The third chapter of this dissertation examines the effect of shocks and other
economic determinants on prenatal healthcare provider choices. Shocks are events that
reduce household income, consumption and/or the accumulation of productive assets. I
evaluate two types of shocks in this paper: idiosyncratic and covariate. Idiosyncratic
shocks affect only the household, while covariate shocks involve the entire community.
8

Four health options are considered: hospital, private services, clinic, and no formal
healthcare.
The main questions addressed in this study are: Do idiosyncratic and covariate
shocks affect a woman's choice to seek prenatal care? What economic factors influence
the kind of care she chooses? To answer these questions I use the 2005 Madagascar
Household Survey (EPM, Enquete aupres des Menages), which is a Living Standards
Measurement Study (LSMS) -type survey. I use both a logit and multinomial logit
estimation and control for factors at the individual (education and work status),
household (e.g., alcohol expenditure and income) and commune level (e.g., transportation
and mean income). I find that covariate shocks increase the likelihood of using formal
prenatal care. Shocks that affect the entire community can affect the community support,
cause food uncertainty and result in a lack of other health resources to women. Other
important factors in prenatal health care choices are education, income, household-level
health environment (e.g., adult sickness, hygiene), waiting and service time at the health
facility, and travel time to the health facility.
The fourth chapter of my dissertation studies the effects of shocks and other
economic determinants on the choice of contraceptive method. Because shocks may
increase the health risks to infants and reduce resources that can be devoted to children,
women may want to use contraception as a strategy to prevent these negative outcomes.
Two questions arise: How do shocks affect the use of contraceptive technologies? What
economic factors determine the choice to use contraceptives? This paper looks at four
types of shocks: economic, environmental, health, and crime. A large sample of more
9

than 6,000 women from Madagascar was used to address these questions. This paper
considers two types of contraceptive methods: formal (e.g., pills and condoms) and
informal (e.g., rhythm and folkloric methods). The findings suggest that when a woman
faces an economic shock, she is more likely to choose formal contraceptive use. Other
factors like death of an offspring, maternal mortality in the community, and education
also are important in a woman's contraceptive use.
To summarize The Millennium Development Goals have recognized that the
improvement of maternal health is one of the most important targets in the health sector
in developing countries. Issues related to maternal health can have a significant impact
on economic development. The results in this dissertation can help identify some factors
that threaten women's heath and can help Madagascar reach The Millennium
Development Goals.
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CHAPTER H
MATERNAL MORTALITY AND RISK FACTORS AT THE COMMUNITY LEVEL

2.1 Introduction
Maternal death can mean the loss of a productive member of the household, the
dissolution of the family, and economic and social difficulty for the children (Turmen and
AbouZahr 1994; Herrera-Torres et al., 2006). In 2005 about 600,000 women around the
world died of birth-related conditions, making maternal death the leading cause of death
among women of childbearing age in the world (WHO 2005). Furthermore, 20 million
women suffer acute health conditions related to pregnancy annually (Souza et al., 2007).
To study how socioeconomic conditions in the community affect maternal mortality, I
use a unique, nation-wide panel of communes (i.e., counties) from Madagascar. Previous
efforts have focused on factors at the individual or cross-country level. From a policy
perspective, understanding the factors that affect maternal mortality at the community
level is crucial because policy is implemented at this level. This paper explores the effect
of factors at the community level like health environment (e.g., local malaria and
tuberculosis incidence) and health resources (e.g., time to the hospital, number of doctors
and clinics) on the level of maternal mortality.
WHO (2005) groups the causes of maternal death in two broad categories: direct
and indirect.

The direct causes can come from both pregnancy complications and

malpractice (WHO, 2005), while common indirect causes of maternal death in
11

developing countries are HIV, malaria and tuberculosis (Ahmed et al., 1999; Ronsmans
and Graham, 2006). The prevalence of these health conditions and the capacity of these
conditions to cause morbidity and mortality usually have a deep root in socioeconomic
characteristic of the community (Okonofua et al., 1992).
The Millennium Development Goals have recognized that the improvement of
maternal health and the reduction of maternal mortality are two of their most important
targets for improving health in developing countries (United Nations, 2009). Maternal
mortality in developing countries is one of the main public health issues because it is not
only concerns the health of the woman, but also the health of the newborn (Donnay
2000). Maternal death is usually associated with both a poor health environment and a
serious lack of community health resources (AbouZahr 2003).
The paper is organized as follows. Section 2.2 briefly presents previous findings
on maternal mortality. Section 2.3 discusses maternal mortality in Madagascar and the
data. Section 2.4 contains the econometric strategy and results, and the conclusions are
offered in section 2.5.

2.2 Literature Review
This section will review the general findings related to the effect of the health
environment and public health on maternal mortality.

In most of these studies, the

individual or country is the unit of analysis because community level studies are less

12

common. I also discuss the effect of economic and human capital on maternal mortality
as well as the issues related to the measurement of maternal death.

2.2.1 Individual Level Determinants of Maternal Mortality
Most of the papers that study the determinants of maternal mortality at the
individual level evaluate the direct or indirect causes of maternal mortality. For example,
Ahmed et al. (1999) found that in Zambia among the most common obstetric causes of
maternal death are abortion, toxemia, and puerperal sepsis. Some of the indirect causes
of maternal death that are more prevalent are anemia, HIV, malaria and tuberculosis;
these diseases are closely associated with poverty (Granja et al., 1998; Ahmed et al.,
1999; Khan, 2001; Ronsmans and Graham 2006).

Because pregnancy depresses a

woman's immune system (Jamieson et al., 2006), pregnant women are more susceptible
to diseases (Regan et al., 2008).
The pattern of fertility is also important in explaining maternal mortality
(Boherma, 1987). There is evidence that indicates that multiple pregnancies affect not
only the health of the mother, but also the health of the infant (Ozumba and Igwegbe,
1992). According to WHO (2005) maternal death is directly related to the number of
pregnancies and deliveries. This is supported by many descriptive studies that have
found that the number of deliveries is related to maternal death (see, for example, Kane et
al., 1992; Alauddin, 1986; Walker et al., 1986).

Using a logistic regression and

controlling for other factors, Chowdhury et al. (2007) found that more than six
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pregnancies increases the likelihood of maternal death. However, Okonofua et al. (1992)
found that multiple pregnancies are not a significant determinant of maternal death.
Maternal mortality has been linked to poor nutrition (Rush, 2000; Loudon, 2000).
Malnutrition has been associated with anemia which is one of the main causes of
maternal death (Bravin et al., 2001). Malnutrition may lead to chronic iron deficiency
and anemia, which can make women prone to hemorrhage and infections (Tomkins and
Watson, 1989; Rush, 2000; Tomkins, 2001). Furthermore, women who have faced
malnutrition early in life are usually smaller, which increases the likelihood of obstructed
labor (Rush, 2000).
Strong physical effort also can also increase health risks to both the pregnant
woman and the fetus (Bonzini, 2007; Mozurkewich, 2000). Contractions and reduction
of blood flow to the placenta, which can lead to preterm and spontaneous abortion, have
been linked to hard work (Bonzini, 2007; Ronda et al., 2009).

Agricultural work,

specifically, has been linked with preterm delivery (Savitz et al., 1996; Nguyen, 2006;
Ronda, et al., 2009). Furthermore, Carrera (2007) suggested that labor overburden can
lead to complications that cause maternal death. Ceron-Mireles et al. (2002) found that
the number of hours a pregnant woman spent standing at work is related to preeclampsia
and eclampsia, two of the leading causes of obstetric complications.
Another important factor that has been linked to maternal health is education.
Education may be related to higher levels of maternal health through several channels.
For example, women with higher education may have some awareness about the effects
of illness and treatment; and they may have a higher demand for contraceptives and
prenatal care, a higher likelihood to have a partner with higher education, and higher
14

bargaining power at home and in their communities (Jayachandran and Lleras-Muney,
2009; Hernandez-Correa, 2010a; Hernandez-Correa, 2010b).

Both Okonofaua et al.

(1992) and Chowdhury et al. (2007) found that increases in education reduce maternal
mortality.
While education is generally found to reduce maternal mortality, the evidence of
the effects of class or income appears to be mixed. It is documented with individual data
that in the early 1900s in Britain, and more recently in Bangladesh, that maternal
mortality was higher in higher social classes than in lower classes (Loudon, 2000;
Alauddin, 1986). Loudon (2000) suggested that doctors interventions may cause the
increase in maternal mortality in higher social classes since it is plausible that they
expose women to unnecessary interventions.

Similarly, in 1933 the Public Health

Relations Committee of the New York Academy of Medicine published a report that
showed that 66 percent of the maternal deaths were due to malpractice and were
preventable (Porges, 1985). The incorrect use of doctors' instruments in deliveries and
anesthetics were two of the main causes of maternal death in the U.S., explaining 61
percent of the preventable maternal deaths. Using a sample from Bangladesh, Alauddin
(1986) found similar results as the case of England. He found that women in households
with a lower economic status and lower landholding have a lower percentage of maternal
death. Alauddin (1986) suggested that poor people can be more likely to face health
problems that can cause maternal death before the delivery. Chowdhury et al. (2007)
found that increases in the level of household assets decrease maternal death.

15

2.2.2 Village Level and Community Determinants of Maternal Mortality
Factors at the village level —like access to health professionals, transportation
availability, and infrastructure —can contribute to maternal death. Many of the obstetric
causes of maternal mortality (e.g., eclampsia, hemorrhage, and ruptured uterus) can be
prevented with maternal care and adequate obstetrical services (Schaffner, 1977). Since
most surgery rooms and other obstetrical services often are available only in hospitals,
distance to the hospital or to the health provider has been considered an important factor
of maternal mortality (Figa'-Talamanca, 1996; Maine et al., 1996). Another relevant
factor related to the distance to the hospital is transport and transportation infrastructure
to help women reach specialized health services. In the case of an obstetric emergency,
minimizing the time to the health provider is considered one of the more important
strategies to reduce maternal mortality (Figa'-Talamanca, 1996).
Some studies have found that midwives decrease the maternal mortality in
villages (Lamb et al., 1984; Fauveau et al., 1991). Fauveau et al. (1991) also found that
midwives' referrals to hospitals decrease maternal mortality.

Maine et al. (1996)

suggested that the reduction in maternal mortality that Fauveau et al. (1991) identified
were due to the health services performed by the regional hospital and not the midwives.

2.2.3 Cross-Country Level Determinants of Maternal Mortality
Another source of evidence of the relationship between income and maternal
death comes from studies at the cross-country level. For example, Bulatao and Ross
(2003) found that per capita income is negatively related to maternal mortality ratios.
Conversely, Shiffman (2000), using a logistic regression, found that when maternal
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mortality rate is controlled by other factors like health services and education, per capita
income is not significant.
Many papers at the cross-country level have found that maternal health services
decrease maternal mortality (Shiffman, 2000; Robinson and Wharrad, 2001; Sloan et al.,
2001; and Bulatao and Ross, 2003). Factors like the percentage of women receiving
trained assistance at childbirth (Shiffman, 2000), percentage of women receiving prenatal
care (Sloan et al., 2001) and access to treatment for pregnancy complications reduce
maternal mortality (Bulatao and Ross, 2003). Robinson and Wharrad (2001) found that
the number of physicians decreases maternal mortality rates.
The literature consistently has consistently found that factors like maternal health
services, fertility controls, good nutrition, and women's education reduces maternal
mortality. The next subsection addresses issues related to the measurement of maternal
death.

2.2.4 Measurement Error
Problems of measuring maternal mortality frequently arise in the literature. In
developing countries most women receive delivery assistance from traditional birth
attendants, traditional healers or family (Fikeree et al., 2004; Herrera-Torres et al., 2006),
which makes it difficult for health professionals and authorities to record the occurrence
and the causes of the death. Maternal deaths where health professionals are absent can
result in underreporting (Graham, 2002). The accuracy of the measurement of maternal
mortality cases depends on the available healthcare specialists and the accessibility to
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healthcare facilities. For example, certain causes of maternal death require high technical
skills to identify them (Horron, 2005).
In developing countries about 50 percent of maternal deaths are not reported
(AbouZhar and Royston, 1991). Two of the main reasons for miscounting maternal death
are the misclassification of deaths in early pregnancy and abortions (Graham, 2002). In
both developing and developed countries the proportion of deaths in early pregnancy has
been estimated at about one quarter of the total number of maternal deaths (Kane et al.,
1992; Horron, 2005). Maternal death related to amniotic fluid embolism (Moore and
Baldisseri, 2005), ectopic pregnancy (Anderson, 2004), gestational trophoblastic disease
(Moodley et al., 2003), and maternal tetanus (Fauveaua et al., 1993) can occur before the
delivery and are associated with the underreporting of the maternal death (Alauddin,
1986). Similar misclassification can result from a death that occurs several days after the
delivery.
Another reason for the miscounting is the distance to the health facility.

For

example, Bhatia (1993) has documented that half of the maternal death in Anantapur
district in India takes place at home or on the way to the health facility. In those cases,
counting the maternal death can depends on initiative and capacity of the family to report
the death. Therefore, maternal deaths in remote regions lacking health care professionals
are more likely to be underreported.
Communities with no health professionals, no health facilities, and located in
remote areas are more likely to underreport maternal mortality.

If there is an

idiosyncratic measurement error in reported cases of maternal death at the community
level and this error is associated with some of the explanatory variables, the coefficients
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can be biased (Davidson and MacKinnon, 2004). Several procedures to control for this
idiosyncratic measurement error are used in this paper. In the next section I describe the
maternal mortality variable and the different regressors.

2.3 Data Sources and Descriptions
Madagascar is one of the poorest countries in the Sub-Saharan region with a GDP
per capita of US$290 (World Bank, 2007) and approximately 70 percent of the
population living below the poverty line.

However, the estimates of the maternal

mortality rate are not among the highest in the Sub-Saharan region.

In 2005 the

estimated maternal mortality ratio (maternal deaths per 100,000 live births) in
Madagascar was 510, which was lower than the Sub-Saharan Africa average (900)
(UNICEF, 2008). This can partly be explained by lower levels of HIV (USAID, 2008)
and relatively better public health in Madagascar.

For example, prenatal care and

contraceptive use, two of the most important indicators of maternal health (Geller et al.,
2008; Stover and Ross 2010), are higher in Madagascar that the Sub-Saharan region. The
contraceptive prevalence of women in unions (i.e., married or unmarried living with
partner) aged 15 to 49 currently using contraception in Madagascar for the period of 2000
to 2006 was 27 percent, 4 percent higher than the Sub-Sahara countries (UNICEF, 2008).
In the same period, women of child-bearing age who received prenatal care by skilled
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health personnel at least once during pregnancy was 80 percent in Madagascar, relatively
high when compared to 69 percent for the Sub-Saharan countries (UNICEF, 2008).l
There is little published research on the specific causes of maternal mortality at
the country level in Madagascar. The leading direct causes of maternal death in Africa
are hemorrhage (33.9 percent), infection or sepsis (9.7 percent), hypertensive disorder
(9.1 percent) obstructed labor (4.1 percent), and unsafe abortions (3.9 percent) (Prata et
al., 2009). About 32 percent of causes of maternal death in Africa are indirect (Prata et
al., 2009). However, a study conducted from 1988 to 1997 in Befelatanana Women's
Hospital in Anantanarivo, the capital city of Madagascar, found that the main direct
causes of maternal death were infectious complications, renal and vascular complications,
and anesthesia accidents. Other illnesses like malaria, heart disease, and asthma were
cited as the leading indirect causes of maternal death (Andriamady-Rasoarimahandry et
al., 2000).
The sources of data used in this paper are the 2001 and 2007 Madagascar
Commune Censuses and the 1993 population census. A commune is similar to a county.
The commune census collect information about 1400 communes in Madagascar gathering
data on issues like public health, the availability of public goods and services,
transportation, and aggregate shocks. Variables such as the number of maternal deaths,
doctors, and clinics are provided by the 2001 and 2007 Madagascar Commune Censuses.

This paper did not control for the rate of prenatal and contraceptive use at the community level because
the data of prenatal and contraceptive use at the community were not available. However, I control for
other factors that can capture the state of public health.
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Income, poverty measures, and literacy are based on 1993 population census, which is the
most recent population census in the country. Table 2.1 provides the data source and the
descriptive statistics for all the variables.
In the commune data, maternal mortality is defined as the number of women
dying just before, during, or immediately after childbirth.2 This definition contrasts with
the standard definition: "maternal mortality is the death of a woman while pregnant or
within 42 days of termination of pregnancy, irrespective of the duration and site of the
pregnancy, from any cause related to or aggravated by the pregnancy or its management
but not from accidental or incidental causes" (WHO, 2005). Therefore, the commune
census measure likely underestimates the occurrence of maternal mortality. However,
given the technical limitations of the maternal death measure in a developing setting,
using this criterion gives a more accurate and consistent measurement of this problem.
During the period 2001 to 2007 the average maternal mortality ratio (i.e.,
maternal death per 100,000 births) decreased about 21 percent.

The mean maternal

mortality ratio for the communes was 1,204 in 2001 and decreased to 952 in 2007. The
number of doctors and primary clinics are important determinants of maternal morbidity
and mortality. Relative to other health professionals, doctors are specifically trained to
deal with cases of obstetric complications.3 Primary clinics are rudimentary facilities

2

Kane et al. (1992) and Horron (2005) found in developing and developed scenarios, respectively, that

about 30 percent of maternal deaths occur within 24 hours after delivery.
3

The different categories of health professional (i.e., doctors, nurses, midwives, and nurses aides) show a

high correlation that causes multicolinearity in the estimation where more than one was included. I decided
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with a small number of beds and where at least one health professional (e.g., nurse,
midwife, nurse aide) offers basic health services. During the period 2001 to 2007, the
number of clinics increased by 22 percent; but the number of primary clinics per capita
decreased by 7 percent. During the same period, the number of doctors increased 24
percent, but the average number of doctors per capita decreased by 16 percent. Thus, the
decrease in doctors and clinics per capita is the result of high population growth in this
period. However, due to heavy investments in the transportation sector, variables related
to travel to a health provider fell over the period; the average travel time to the nearest
hospital and the percentage of communes without vehicles decreased by 16 percent and 3
percent, respectively.
The average number of births per capita decreased from 4 percent in 2001 to 2
percent in 2007. The population numbers are current year estimates based on the 1993
population census, the most recent local census numbers available at the time of the
surveys, and voter registration numbers. Commune population increased by an average
39 percent over the period of 2001 to 2007.
Other variables related to poverty and human capital also were considered as
determinants of maternal death. The variables mean commune income, poverty gap, and
literacy rate of women comes from the 1993 population census. The mean income was
about 309,000 FMG (i.e., former national currency of Madagascar), about US$137 in
2007.

The poverty gap measures how far the average poor person was from the

to focus on doctors since they are highly trained health professionals to deal with cases of obstetric
complications.
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population poverty line in monetary terms. In 2007 the poverty gap indicated that, on
average, 34 percent of the incomes at the poverty line. Female wages were included as a
proxy of opportunity cost of both getting pregnant and sick. The weekly female wage
increased 52 percent in the period of 2001-2008. The average literacy rate of women in
communes in Madagascar was about 52 percent.
As discussed above, malaria and tuberculosis are two of the main causes of
indirect maternal mortality in developing countries. The commune censuses have data
only on the presence of these diseases in the previous three years in the commune, not the
number of cases or rates of infection. About 91 percent of the communes in 2001 and 88
percent in 2007 reported cases of malaria. The prevalence of tuberculosis was lower than
malaria; in 2001 and 2007, about 55 percent of communes registered tuberculosis cases.4
The lack of hygiene also may affect women's health, increasing the probability of
infections. On average, 76 percent of the households in the communes in Madagascar did
not have toilets in 1993. As mentioned previously, physical labor, such as agriculture
work, can be associated with maternal health.

During the period 2001-2007, the

employed population allocated in agriculture decreased 2 percent, from 90 percent to 88
percent.
Other risk factors like climatic events and crime can be associated with maternal
mortality.

The dummy variable for high crime comes from an official government

designation of high crime areas. About 28 percent of the communes were identified as
4

In Madagascar the prevalence of HIV is smaller than other sub-Saharan countries (USAID 2008).

Usually the interaction of tuberculosis and HIV in pregnant women is associated with high maternal
mortality (Khan et al., 2001).
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high crime areas. It is plausible that crime and climatic events cause vulnerability and
affect the access to health facilities. Furthermore, women who face crime or climatic
events can be more likely to suffer injuries. As a proxy of climatic events, I use a dummy
for cyclones that caused damage in the commune in the current year. The proportion of
communes that suffered damages from a cyclone increase from 7 percent in 2001 to 27
percent in 2007.
2.4 Econometric Strategy and Results

The objective of this paper is to explore the effect of risk factors and
socioeconomic determinants on maternal mortality. This section discusses the estimation
techniques and presents the results and the procedure utilized to correct possible issues of
measurement error and endogeneity.
The commune census provides the maternal mortality count by commune. To
avoid the effect of birth fluctuation on the maternal mortality ratio, I use the number of
maternal mortality cases as a dependent variable. Table 2.2 presents the results of the
maternal death pooled negative binomial estimations5 and an OLS estimation as a
robustness check. The results for the estimation of the negative binomial with commune

5

According to the likelihood-ratio test of alpha, a negative binomial estimation is preferred to a Poisson. I

use the number of maternal deaths to avoid the effect of birth fluctuations on the maternal mortality rate.
Birth fluctuations can be driven by other factors.
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fixed effect estimation and an OLS fixed effect are presented in table 2.3.

Finally, I

estimate a zero inflated negative binomial that is presented in table 2.4.
The negative binomial and OLS estimates indicate that having clinics in the
commune is positively related to maternal mortality—a likely result of the underreporting
issue discussed earlier. However, in the commune fixed effect estimations clinics have a
negative and significant effect. This suggests that the fixed effects estimation is able to,
at least partially, control for measurement problem at the commune level.7
Consistently in these estimations (i.e., OLS, pooled negative binomial, commune
fixed effect and zero inflated negative binomial), time to the hospital is positively related

6

According to the Hausman test, a fixed effect model is preferred to a random effect model at the 0.10

level. If the measurement error is constant and a direct function of the number of health care professionals
in the commune, and the health care in the commune is constant during the periods I expect that a fixed
effect model at the commune level can get rid of the measurement error. One of the limitations of the fixed
effect model at the commune level is that half of the observations fall out of the model due to zeros in the
dependent variable for both periods.
7

Since maternal mortality is an important indicator of public health, it is possible that planners provide

more doctors and clinics to a particular commune based on the level of maternal mortality. If resources are
allocated to communities where maternal mortality is higher, this can violate the assumptions of
unidirectional causal effect necessary for the orthogonality condition. However, the robust Durbin-WuHauman test suggests that both doctors and clinics are exogenous. I perform an instrumental variable
regression as a robustness check. The results of this estimation are not reported since the instruments are
weak.
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to maternal death.

These findings suggest that the services that are provided by the

hospitals (e.g., surgery rooms, medicines and doctors) and the time to reach these
specialized services are crucial to reduce maternal mortality. Demographic variables like
population and births also are significant. Both population and births are positive and
significant in the pooled negative binomial estimation.
Mean income is negatively related to maternal death in the pooled negative
binomial estimation.

Poor communes can have a lower use of contraceptives and

prenatal care, and more individuals cannot afford the costs related to treatment. Contrary
to prior expectations, the poverty gap is negative and significant in the pooled negative
binomial estimation. It is plausible that the poverty gap increases the misreporting of
maternal mortality.

Female wages and literacy are associated with lower maternal

mortality. Higher female wages can enable women to purchase healthcare. Educated
women and women with higher wages may have higher bargaining power in their
communities and can be aware of health issues related to maternal mortality.
Consistent with the literature, the presence of tuberculosis is associated with
higher maternal mortality.

Communes that are affected by tuberculosis can have a

hazardous health environment and also poorer public hygiene.

The percentage of

individuals working in agriculture and households without toilets is negatively related to
maternal death. Another possibility is that a higher proportion of women working in

8

I also estimate a log-log fixed effect estimation. I found that, ceteris paribus, the maternal mortality

reaches the maximum when travel time is 4.5 hours. This suggests that when travel time from the
community to the hospital exceeds 4.5 hours this leads to a high level of maternal mortality.
variables did not result significant.
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Other

agriculture may face higher levels of miscarriage and death in early pregnancy (Ronda et
al. 2009; Carrera, 2007). Rural and remote communes can have higher underreporting of
maternal mortality. In the fixed effect estimation, the effect of working in agriculture is
not different from zero.
About 37 percent of the communes have non-zero maternal mortality. Based on
this, I performed a zero inflated negative binomial (table 2.4).9 The negative binomial
component of the zero inflated estimation offer similar results as the basic negative
binomial presented in table 2.2. The main difference of this equation is that the number
of doctors has a negative effect on maternal mortality. These suggest that obstetric
complications and other health conditions that lead to maternal death require highly
trained health professionals.

In the logit component of the zero inflated negative

binomial estimation, the dependent variable equals one if maternal mortality is zero. This
estimation shows that variables like malaria and cyclones have a negative effect with
respect to zero maternal mortality.

Malaria has been identified as one of the most

important indirect causes of maternal mortality. On the other hand, cyclones can cause
interruption of services, problem with mobilization, and injuries to pregnant women that
generate or exacerbate complications during delivery.
Consistent with previous findings at the village level, health facilities play an
important role in the reduction of maternal death. Reducing travel time to a hospital is an

9

The Vuong test suggests that zero inflated negative binomial is preferred to the standard pooled negative

binomial model. The Vuong z test is significant at the 0.01 level of significance. The Akaike and Schwarz
criterions suggest that the fixed effect model is a better specification than the zero inflated negative
binomial.
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important strategy to reduce maternal mortality. Furthermore, the estimations suggest
that the number of doctors and clinics in the commune are an important factor to reduce
maternal mortality. Economic factors like female wage and literacy also are relevant.

2.5 Conclusions

This paper examines how factors such as access to health services and risk factors
are related to maternal mortality in Madagascar.

Commune level factors like health

environment and services are crucial to explain maternal mortality levels (Okonofua et
al., 1992). This paper uses a unique, nationwide panel of communes (i.e., counties) in
Madagascar to explore the determinants of maternal mortality.
Barriers to access to health services have detrimental effects on maternal health.
Using a commune fixed effect models I found that primary clinics reduce maternal
mortality. The estimation of the zero inflated negative binomial suggests that doctors
reduce maternal mortality. The time to hospital also is an important factor since hospitals
are endowed with surgery rooms, medicines and doctors trained to deal with obstetric
complications. Increases the time to reach these specialized services increases maternal
mortality.
Risk factors like diseases, climatic events and poverty also affect maternal
mortality. Diseases like malaria and tuberculosis incidence are important indirect causes
of maternal mortality. I find that climatic events like cyclones also increase maternal
mortality. These results point to the importance of providing support to pregnant women
in communities that are affected by climatic events and with a high incidence of malaria
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and tuberculosis. Poverty is also an important factor in maternal mortality. I found that
communes with higher levels of poverty have also higher maternal mortality and that
female wages rates and literacy are key determinants of maternal death. These factors
can provide women more resources to access healthcare.
The results in this paper have several health policy implications that may help
Madagascar reach its millennium development goals related to maternal health. Access
to clinics and hospitals can help reduce maternal mortality, implying that continued
investments in infrastructure are important.

Additional investments in health care

programs that treat health condition like malaria and tuberculosis can be helpful in
reducing maternal deaths.
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Table 2.1: Descriptive Statistics
Variable

2001
Source

2007

Mean

Std. Dev.

Mean

Std. Dev.

Commune

1.31

2.85

1.42

5.52

Commune

1,204

4,808

952

4,743

Doctors (number)

Commune

1.32

3.04

1.63

5.03

Doctors (per 100,000 birth)

Commune

10.24

10.51

8.57

11.74

Clinics (number)

Commune

1.44

2.25

1.75

1.25

Commune

14.70

16.68

13.62

11.11

Commune

5.53

10.03

4.64

7.02

Commune

0.22

0.42

0.19

0.39

Population (number)

Commune

12,570

11,816

17,468

16,991

Births (number)

Commune

386

910

297

420

Commune

0.04

0.14

0.02

0.02

Pop. Census

0.52

0.24

0.52

0.24

Commune

1,454

1,147

2,223

932

Pop. Census

308,548

118,943

308,548

118,943

Pop. Census

0.34

0.12

.34

.12

Malaria (dummy)

Commune

0.91

0.28

0.88

0.33

Tuberculosis (dummy)

Commune

0.55

0.50

0.54

0.50

Commune

0.90

0.17

0.88

0.16

Pop. Census

0.76

0.28

0.76

0.28

High Crime (dummy)

Commune

0.28

0.45

0.30

0.46

Cyclone (dummy)

Commune

0.07

0.26

0.27

0.44

Maternal Death (number)
Maternal mortality ratio
(maternal deaths per
100,000 birth)

Clinics (number per 100,000
population)
Time to the Hospital
(minutes)
Commune with No Vehicles
(dummy)

Births (number per
population)
Female Literacy (number
per women population)
Female Wages
Mean Income (national
currency)
Poverty Gap

Agriculture Workers
(number per labor force)
Without Toilet (number per
households)

N

1,378
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1,378

Table 2.2: OLS and Negative Binomial Pool Estimations of Maternal Mortality Deaths as Dependent
Variable
Negative Binomial
OLS Pool

Pool

Variables

Coeff.

t

Coeff.

z

Doctors (per 1,000 population)

-0.356

-0.47

-0.27

-0.56

Primary Clinics( 1,000 rooms divided by population)

0.018**

1.51

0.015*

2.23

Time to the Hospital (minutes)

0.055*

2.67

0.032*

3.52

Commune With no Vehicles (dummy)

0.265

1.05

0.162

1.14

Population (number divided by 1,000)

0.036*

4.06

0.017*

3.69

Births (number divided by 1,000)

0.414*

2.52

0.338*

2.28

-0.013**

-2.01

-0.010*

-3

by 1,000)

-0.129

-1.92

-0.097**

-1.94

Mean Income (Ariary+)

-0.004

-1.82

-0.002**

-1.97

-3.407***

-2.14

-2.375*

-2.38

0.09

0.31

0.221

1.12

Tuberculosis (dummy)

0.668*

3.64

0.523*

4.99

Agriculture Workers (number per labor force)

-0.004

-0.65

-0.005

-1.55

-0.009***

-1.8

-0.005**

-1.91

High Crime (dummy)

-0.224

-1.13

0.028

0.25

Cyclone (dummy)

0.004

0.02

0.134

0.84

4.025**

2.49

2.050**

2.33

Female Literacy (number per women population)
Female Wages (weekly, national currency divided

Poverty Gap
Malaria (dummy)

Without Toilet (number per households)

Constant
z

R (overall)

0.0401

Akaike Criterion

13,550.04

6,426.18

Swarts Criterion

13,647.74

6,529.62

LR test (xz)
5306.30 (0.000)

Poisson vs. NB
N

2,314

2,314

*** indicates that the coefficient is significant at 10 percent level; ** (*) indicates significance at 5(1)
percent level.
+ Ariary is the currency of Madagascar. In 2005 the exchange rate was 2003.026 Ariary per dollar.

Table 2.3: Fixed Effect Estimation of Maternal Mortality Deaths as Dependent Variable
Negative Binomial
Commune Fixed

OLS Commune
Fixed

Variables

Coeff.

z

Coeff.

t

Doctors (per 1,000 population)

-0.002

-0.03

-0.751

-0.48

-0.010**

-1.98

-0.035*

-3.29

Time to the Hospital (minutes)

0.019*

2.35

0.062*

2.87

Commune With no Vehicles (dummy)

0.235

1.45

0.34

0.81

Population (number divided by 1,000)

0.008

1.51

-0.003

-0.11

Births (number divided by 1,000)

-0.016

-0.20

0.361***

1.8

Female Literacy (number per women population)
Female Wages (weekly, national currency divided by
1,000)
Mean Income (Ariary, national currency divided by
1,000)

-0.014*

-2.52

0.035

0.24

Malaria (dummy)

0.216

1.21

0.405

0.99

Tuberculosis (dummy)

0.063

0.59

0.332

1.22

Agriculture Workers (number per labor force)

-0.003

-0.77

-0.007

-0.5

High Crime (dummy)

0.164

1.28

0.109

0.31

Cyclone (dummy)

0.085

0.68

0.269

0.81

-0.923***

-1.94

1.396

1.03

Primary Clinics( 1,000 rooms divided by population)

Poverty Gap

Without Toilet (number per households)

Constant
R2 (overall)

0.0098

Akaike Criterion

1,542.08

10,915.68

Swarts Criterion

1,608.06

10,990.39

24.46(0.0176)

34.35(0.0003)

Hausman Test (x2) Random vs. Fixed

1,182
2,314
N
*** indicates that the coefficient is significant at 10 percent level; ** (*) indicates significance at 5(1)
percent level. The robust standard errors are not available for the fixed effect negative binomial. The
results of the robust standard error of the OLS fixed effect are similar to the one that I informed.
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Table 2.4: Zero Inflated Negative Binomial Estimation of Maternal Mortality Deaths as Dependent
Variable
Inflation model -Logit
Negative Binomial
(The observed count is
Equation
Variables
zero)
Coeff.

Robust z

Coeff.

Robust z

-0.937***

-1.91

-8.842**

-2.13

0.018*

3.15

45.576*

2.99

Time to the Hospital (minutes)

0.030*

3.64

-0.275***

-1.73

Commune With no Vehicles (dummy)

0.055

0.4

-1.23

-1.51

Population (number divided by 1,000)

0.009**

2.39

-0.036

-1.35

Births (number divided by 1,000)

0.876*

3.27

1.139*

2.82

-0.007**

-2.01

0.04

1.39

-0.057

-1.19

0.690*

3.03

-0.002***

-1.88

-0.007

-1.00

-1.988**

-2.08

-2.313

-0.45

Malaria (dummy)

-0.016

-0.07

-1.942**

-2.72

Tuberculosis (dummy)

0.433*

3.72

-0.645

-0.89

Agriculture Workers (number per labor force)

-0.001

-0.27

0.201

1.54

Without Toilet (number per households)

-0.005

-1.74

-0.007

-0.55

High Crime (dummy)

-0.01

-0.08

-0.289

-0.33

Cyclone (dummy)

0.048

0.28

-1.763***

-1.68

Constant

1.562

1.89

-18.379

-1.31

Doctors (per 1,000 population)
Primary Clinics( 1,000 rooms divided by
population)

Female Literacy (number per women
population)
Female Wages (weekly, national currency
divided by 1,000)
Mean Income (Ariary, national currency
divided by 1,000)
Poverty Gap

indicates that the coefficient is significant at 10 percent level; ** (*) indicates significance at 5(1)
percent level.
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Table 2.4 -Continued
Ln Alpha

1.09(0.0000)

Akaike Criterion

6381.034

S warts Criterion

6582.17

Number of obs

2314

Nonzero obs

861

Zero obs

1453

Vuong z test
Zero inflated Negative Binomial vs. Pool

3.84 (0.0001)

Negative Binomial
*** indicates that the coefficient is significant at 10 percent level; ** (*) indicates significance at 5(1)
percent level.
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CHAPTER HI
THE EFFECT OF IDIOSYNCRATIC AND COVARIATE SHOCKS ON THE CHOICE
OF PRENATAL HEALTHCARE PROVIDER

3.1 Introduction
Many studies link the lack of prenatal healthcare, give women control over
reproductive choices and delivery assistance to outcomes of maternal death and child
mortality (Alauddin, 1986; Bhatia, 1993; Fikreea et al., 2004; Harris, 1982).
Furthermore, inappropriate prenatal care and delivery assistance is directly related to
permanent disability in children (Klein et al., 2004). Lack of prenatal care has also been
associated with lower birth weight (Lewit, 1982; Rosenzweig and Schultz, 1982b;
Corman and Grossman, 1987; Celik and Younis, 2007; Jewell and Rous, 2009), which
has been linked with poorer adult economic performance (Boardman et al., 2002; Conley
et al., 2003; Case et al., 2005). In 2005, fewer than 40 percent of women in Madagascar
received adequate prenatal care services, which is lower than the average for SubSaharan Africa (United Nations Children's Fund, UNICEF, 2008).10
Shocks can prevent women from seeking formal prenatal care. Dercon et al.
(2005) defined shocks as "adverse events that lead to a loss of household income, a
reduction in consumption and/or a loss of productive assets".

Shocks can generate

vulnerability and extreme poverty. Understanding the effect of shocks and how shocks

Adequate prenatal care is defined as a minimum of four prenatal healthcare visits; the least amount
recommended for providing needed services.
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affect a woman's ability to access and afford formal prenatal care can be useful to
counteract potential negative effects.

I consider two types of shocks in this paper:

idiosyncratic and covariate. Idiosyncratic shocks are adverse events that affect only a
single household and covariate shocks are events that affect the whole community.
Several key social and economic factors have been identified as important
determinants of both the decision to seek prenatal care and the choice of prenatal care
provider.

Elo (1992) found that increases in human capital can change a woman's

awareness of health conditions and treatments, leading to an increased likelihood of
choosing formal prenatal healthcare services. Jewell (2009) found that in countries like
Bolivia, Colombia, and Peru, wealthy households have a higher demand for prenatal care.
Somewhat more empirical work has been done on the choice of health provider (not
limited to prenatal care). For example, Bolduc et al. (1996) found that increases in
healthcare costs in rural Benin decreased the demand for health services. Gertler et al.
(1987) found that travel time to health facilities also affects the demand for a healthcare
provider. Akin et al. (1995) found that the demand for a healthcare provider in Nigeria is
sensitive to the difference in quality of services. The present study evaluates the effect of
the aforementioned economic factors on women's choice of formal prenatal healthcare
services, but also controls for the effect of shocks. This is the first paper that looks at the
effect of shocks on the demand for prenatal care.
I use the 2005 Madagascar Household Survey (EPM, Enquete aupres des
Menages) which is a Living Standards Measurement Study (LSMS)-type survey.
According to our data, around 35 percent of women did not obtain any formal prenatal
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health services. Women cited distance to the prenatal health facility (34%), a belief that
formal care was unnecessary (20%), lack of money (19%), and poor quality of care (1%)
as the primary reasons for not seeking prenatal care services. More than one third of the
women who did not obtain any formal prenatal health services suffer some type of shock.
This paper is organized as follows. The next section reviews previous research on
the determinants of healthcare provider choices.

Section 3.3 briefly describes the

healthcare system in Madagascar and discusses the data.

Section 3.4 contains the

empirical results and the findings and conclusions are offered in section 3.5.

3.2. Literature Review
Prenatal care is important for the health of both mother and infant. Rosenzweig
and Schultz (1982b and 1983) found that prenatal care increases birth weight. Harris
(1982) also linked prenatal healthcare services with decreases in infant mortality; similar
results were found in urban areas by Rosenzweig and Schultz (1982a). Conway and
Kutinova (2006) found that prenatal care had important effects on women's health
including decreasing maternal deaths, hospitalizations, and other risk factors. They also
found that the preventive nature of prenatal care significantly reduced healthcare costs.
This section first provides an overview of the health production literature as it relates to
formal health care choices. Next, I briefly summarize the general findings of the shock
literature. I also discuss the literature related specifically to the decision to seek formal
prenatal care and the choice of prenatal care provider. Finally, the findings in the broader
literature on healthcare provider choice are briefly summarized.
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3.2.1 Health Production Function
Grossman's (1972) seminal paper proposed a health production function. In this
theory, individuals' utility (U) is a function of consumption (C) and health (H), and
economic agents maximize their utilities subject to some constraints.

The health

production function is affected by the health endowment, the depreciation of the health
endowment, and inputs into health (including nutrition, health shocks, and professional
care). Another important input into health is the environment (including hygiene and
disease prevalence).

This theory sees health expenditures as both investment and

consumption expenditures.

Health consumption expenditures reflect

individual

preferences and are an attempt to reduce the level of disutility generated by poor health.
Investments in health inputs can improve individual performance in market and
nonmarket activities.
Rosenzweig and Schultz (1982b) and Corman and Grossman (1987) applied this
theory to pregnant women. In this scenario, healthcare decisions are made by parents
who maximize utility facing economic and health constraints.

The most significant

health constraint is given by the maternal health endowment. They expected that, ceteris
paribus, a mother with lower health endowment looks for more sophisticated health
inputs. Thus in the healthcare provider choice literature, the economic agent chooses
between the different providers through an evaluation of the utility that each provider can
offer (Manski and McFadden, 1981). The individual will select the provider that offers
the higher net utility (Akin et al., 1995; Yip et al., 1998).
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According to Regan et al. (2008), pregnancy changes a woman's immune system,
making her vulnerable to infectious diseases. This occurs because the immune system
has to be modified to accept a "genetically foreign fetus" (Jamieson et al., 2006). This
implies that pregnant women are particularly susceptible to unhealthy environments.
Thus, it is important to study factors such as cleanliness of the house, and the health of
family members, that are associated with higher disease incidence.
Another factor that is associated with miscarriage and preterm delivery in
pregnant women is hard work and strong physical effort (Bonzini, 2007; Mozurkewich,
2000). Many studies have found that agricultural work increases the likelihood that
pregnant women would suffer a preterm delivery (Savitz et al., 1996; Nguyen, 2006;
Ronda, et al. 2009). Some of the symptoms and consequences of hard work during
pregnancy are contractions and reduction of blood flow to the placenta that can generate
preterm delivery (Ronda et al., 2009). Pregnant women who work in agriculture, ceteris
paribus, would be more likely to seek formal prenatal care.

3.2.2 Shocks
A shock is an adverse event that generates vulnerability by the reduction in
consumption, the loss of household income and/or productive assets (Dercon et al.,
2005).

The shock literature looks at the effects of different types of shocks (i.e.,

idiosyncratic and covariate or economic, climatic, political, crime, and health) on asset
accumulation, consumption, or income (Carter et al., 2006; Wagstaff, 2007).

For

example, there is evidence that indicates that health and climatic shocks can decrease
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both household income and consumption (Wagstaff, 2007, Dercon et al., 2005).
Similarly, Carter et al. (2006) found that climatic shocks decrease asset accumulation.
Shocks could affect prenatal care decisions in multiple ways. Shocks can affect
the household's ability to afford health services and access to transportation to the health
provider. Furthermore, the opportunity cost of receiving health services can be higher
after a shock, since individuals can assign a higher value to subsistence activities. Shocks
can affect the mobility of the household and the community support.

For example,

climatic shocks can affect roads and bridges which can affect household capacity to reach
the health services. However, shocks also may affect the risk behavior of the households.
Morduch (1990) and Dercon (1996) found that households that suffer negative shocks
adopt less risky behaviors. If the household expects that a shock increases the risks for
the mother, they may use prenatal care to minimize negative outcomes.
Since shocks also can affect the health of the infant, a woman can use prenatal
care to reduce negative outcomes.

Vulnerability through malnutrition can affect

children's growth and adult economic performance (Martorell, 1999). There is evidence
that indicate that children that face climatic shocks have a higher likelihood of being
malnourished and less likely of staying in the school (Jensen 2000).
Kim and Prskawetz (2009) found evidence suggesting that households respond
differently to different types of shocks. They found that unemployment has a negative
effect on consumption while death of a family member and climatic events has positive
and significant effects.

It is possible that covariate and idiosyncratic shocks have

different effects on the behavior of the households. The response to a shock can vary
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given the capacity of the shock to affect family and community support, household
mobilization, infrastructure or community services.

A shock that affects the entire

community may have a higher impact on the household. For example, when the shock is
isolated in the household, family and community support can attenuate the effect of the
shock by giving help and transfers.

Furthermore, if the reduction of income makes

formal prenatal care unaffordable, the household can substitute formal with informal
care. Conversely, a covariate shock may increase the demand for traditional healers and
traditional birth attendants, reducing the accessibility of these informal services.

A

covariate shock also can reduce family and community support, can interrupt the
provision of services and destroy roads and bridges.

3.2.3 Demand for Formal Prenatal Care
Many studies use binary models to study determinants affecting the demand for
prenatal healthcare among women (see for example Erbaydar, 2003; Delgado-Rodriguez
et al., 2007; Jewell, 2009). Most of these papers focus on individual and household
characteristics (e.g., income, health insurance availability, education, age, number of
previous births, marital status). Selected findings are discussed below.
One of the most consistent findings in this literature is the positive relationship
between education and the demand for formal prenatal care (see for example Mekonnen
and Mekonnen, 2003; Sepehri et al., 2008; Jewell, 2009). Several explanations have been
proposed to explain this relationship. Caldwell (1979) and Elo (1992) argued that women
with more knowledge are conscious of the relevance of healthcare practices, causes of
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diseases, and treatments and can therefore make more accurate evaluations of the services
that each healthcare provider offers.

They also suggested that a woman with higher

education has more bargaining power within the household, which allows her to make
decisions that improve her quality of life and health. Another common explanation is
that women from households with higher income levels can acquire higher education
levels and higher access to sophisticated health services (Schultz, 1984, Ware, 1984, Elo,
1992).
If formal prenatal service is a normal good, it is expected that households with
higher income levels have a higher demand for this type of healthcare. This relationship
is generally supported in the literature, which finds that wealthier households are more
likely to seek formal prenatal care (Raghupathy, 1996; Erbaydar, 2003; Sepehri, et al.
2008; Jewell, 2009). In many countries, wealth may also be associated with access to
health insurance. Erbaydar (2003) and Jewell (2009) found that women with health
insurance have a higher demand for prenatal healthcare services.
Demographic factors such as marriage and age are also relevant in the demand for
prenatal care. Married women are more likely to use formal prenatal service (Jewell,
2009, Mekonnen and Mekonnen, 2003, Sepehri et al., 2008). Similar to education,
marriage can be associated households that have higher levels of income but also with
high quality relationships. Married women may enjoy a higher commitment and more
economic support from the father or other family members than unmarried women
(Hohmann-Marriott, 2009). Furthermore, several studies find that older women tend to
have a higher demand for formal prenatal health care (Pebley et al., 1996; Raghupathy,
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1996; Mekonnen and Mekonnen, 2003; Jewell, 2009). A possible explanation for this
behavior is that women may believe that age puts them at greater risk for complications.
Moreover, older women can have more experience and economic resources than younger
women making them more likely to demand health care.
Another important determinant of the demand for prenatal healthcare is the
number of previous deliveries.

Previous papers have found a negative relationship

between number of previous deliveries and prenatal care (Pebley et al., 1996;
Raghupathy, 1996; Lewit, 1982; Celik and Hotchkiss, 2000; Navaneethama and
Dharmalingam, 2002; Sepehri et al., 2008; Jewell, 2009). The literature on this topic
argues that women acquire more experience with each pregnancy and delivery. Women
who have previously given birth may feel more comfortable going without formal care.
Distance and lack of transportation have been identified as important barriers to
prenatal care (Kalmuss and Fennelly, 1990; Harvey and Faber, 1993).

Celik and

Hotchkiss (2000) found that car ownership had a positive relationship with the demand
for formal prenatal care. Pebley et al. (1996) found that distance to the nearest clinic was
negatively related to the demand for prenatal healthcare.
According to many descriptive studies, women's preferences about a pregnancy
(i.e., wantedness) can influence the demand for prenatal health care (Weller et al., 1987;
Altfeld et al., 1997; Pagnini and Reichman, 2000). These authors assumed that women
who want to be pregnant make more of an effort to take care of the infant's health and
thus demand more prenatal care. Jewell (2009) finds that wantedness is positively related
to prenatal care.

Conversely, Sepehri et al. (2008) found that wantedness is not
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significant.

Measures of wantedness include whether the pregnancy was planned

(Ragupathy, 1996) and whether abortion was considered (Reichmand et al., 2009).
Recently, Sepehri et al. (2008) showed the relevance of community-level factors,
such as poverty rates and rural location, on decisions regarding prenatal care.
Navaneethama and Dharmalingam (2002) and Ragupathy (1996) found that households
in rural areas are less likely to demand formal prenatal healthcare.

Rural areas in

developing countries are usually associated with deficiencies in infrastructure and greater
distances to healthcare facilities.

3.2.4 Prenatal and Delivery Healthcare Provider Choice
A woman not only chooses whether to seek formal care, but also the type of
provider. While there are numerous studies of general health care provider choice in the
economics literature (discussed below), the specific choice of prenatal care provider has
thus far only been addressed in the health administration literature (Ellencweig et al.,
1993; Celik, 2000). Using a multinominal logit regression, Celik (2000) found that
education increased the utilization of government primary care units and government
hospitals. In a study of women in Jerusalem, Ellencweig et al. (1993) found that women
with lower levels of education were more likely to use government primary care units and
less likely to use private services. They also found that women with insurance have
greater demand for the utilization of government primary care units. Beegle et al. (2001)
found that when the woman's education level or her father's education level is high
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relative to her husband, there is a greater utilization of all the different formal health
services for childbirth assistance in Indonesia.

3.2.5 Healthcare Provider Choice
The general healthcare provider choice literature provides us with some insights
into applications to prenatal care choices. Work by Gertler et al. (1987), Akin et al.
(1995), Bolduc et al. (1996), Yip et al. (1998) and Ndeso-Atanga (2003) found that
individual characteristics like age and education are relevant in determining the choice of
healthcare provider. Like Ellencweig et al. 1993 and Celik 2000, the general literature on
health provider choice finds that education increases the utilization of hospitals (Akin et
al., 1995; Bolduc et al., 1996; Gertler et al., 1987). Yip et al. (1998) and Gertler et al.
(1987) found that age is negatively related to the likelihood of selecting a clinic. Gertler
et al. (1987) found that older individuals are more likely to select hospitals and private
clinics as healthcare providers, indicating that individuals choose sophisticated health
services when the risk factors associated with age are higher.
Symptoms experienced by the individual are another important individual
characteristic affecting provider choice. Yip et al. (1998) found that infections (relative
to other types of illness) are positively related to clinics and hospitals. Similarly, Bolduc
et al. (1996) found that acute illnesses are positively related to the different options of
formal healthcare providers. Akin et al. (1995) found that individuals that have stomach
trouble or diarrhea prefer private health services over other formal health services. These
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findings indicate that factors that increase health risks (e.g., age and certain acute
symptoms) motivate individuals to find more sophisticate healthcare providers.
Consistent with other findings, income was an important household determinant
of the healthcare provider selection.

Akin et al. (1995) found that poorer families

preferred public healthcare rather than private healthcare. Furthermore, Gertler et al.
(1987) found that households with higher consumption levels demand more formal
healthcare. At the community level, factors like time to the health provider and quality
have been considered in the literature. Bolduc et al. (1996) found that the time it takes to
reach the healthcare facility is negatively related to the demand for a clinic; a similar
result was found by Gertler et al. (1987). Furthermore, Akin et al. (1995) found that the
quality of the services increases the demand for private and public health services. Akin
et al. (1995) mentioned that the number of nurses and doctors per capita can be
considered a good proxy of quality of the health at the commune level.
The present paper is primarily concerned with two different types of shocks that
may affect the choice of healthcare in developing countries: idiosyncratic and covariate.
This paper assumes that parents maximize utility subject to budget constraints and thus
must weigh the potential benefits of seeking prenatal care against the costs, which include
the costs of the care itself, the costs of travel, and the time spent in seeking care. A key
assumption is that benefits vary across provider types. Hospitals are generally assumed
to have superior care and are staffed by doctors and have operating facilities, but may be
far from a household's village. Shocks have the potential to exacerbate costs associated
with health care and reduce the household budget. The next section provides a brief
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background on the healthcare system in Madagascar and describes the data. The data
used in this paper do not include detailed information about healthcare providers, but I
control for characteristics of the healthcare provider at the commune level.

3.3 Background and Data
The public health system in Madagascar has a pyramidal structure, with
community- based clinics followed by district hospitals, regional hospitals, and finally
university hospitals at the top (World Bank 2007, Francken et al., 2008). Public clinics
are staffed by nurses and/or midwives and have no doctors or surgical capacity. Public
hospitals do have doctors and operating rooms, but there is typically only one hospital per
district (located in the district capital).

According to the World Bank (2007) and

Francken et al. (2008) the referral mechanism among the clinics and hospitals is
ineffective.

The private health services are concentrated primarily in the capital

(Antananarivo) and other urban areas. For example, around one-third of physicians in
Madagascar live in the capital, but just 23 percent of the population lives there (Francken
et al., 2008). In 2004 Madagascar implemented a cost recovery policy in its health
system (Glick and Razakamanantsoa, 2006; World Bank, 2007; Francken et al., 2008)
Even though the prenatal health services are not excluded from the cost recovery policy,
there is an exception mechanism that allows extremely poor women to access prenatal
care services (Francken et al., 2008).
Public health improvements have been made in recent years. For example, the
infant mortality rate (infant deaths per 1,000 live births) fell from 96.3 in 1997 to 57.8 in
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2004, and anemia among children has fallen 31 percent (Francken et al., 2008).
However, there was only a slight improvement in the maternal mortality ratio in
Madagascar, which went from 488 maternal deaths per 100,000 live births in 1995 to 469
in 2004. While there was not a significant improvement in maternal mortality, the
maternal death ratio in Madagascar was still lower than the 2005 average of 830 deaths
for the Sub-Saharan region (Francken et al., 2008).
The primary source of data used in this paper is the Madagascar Household
Survey (EPM, Enquete aupres des Menages), an LSMS-type survey, for the year 2005.
These data are based on a random sample of 11,781 households. From the full sample,
1,454 women between 15 and 49 years of age gave birth during the 12 months prior to
the survey and are used in the analysis here.11 The survey allows for four discrete options
for prenatal healthcare: (1) no formal healthcare, (2) clinic, (3) private services, and (4)
hospital. In this sample, 28 percent of women use no formal care; 51 percent chose clinic
services; 5 percent used private services; and 16 percent used hospital services. Unlike
similar surveys, the Madagascar Household Survey did not ask women about the number
or timing of visits. Prenatal care refers to all the health services that women received in a
formal health facility before giving birth. Services that the women and infants received

11

Madagascar's Household Survey does not report antenatal information for the women in these

households who may have died during pregnancy or childbirth, or women who can have preterm deliveries.
These two factors can generate a selection bias problem (Harris 1982). While the survey does not report
maternal death specifically or death of women in child bearing age, less than 1 % of the households report
an active adult death in the family. Also, since our sample is constrained to live births we expect the issue
of preterm deliveries will be negligible.
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during or after labor are not included in this definition of prenatal care. The present
paper excluded from the analysis women who had spontaneous abortions, induced
abortions, stillbirths, or were still pregnant. The no formal care/self-treatment option
includes the informal or traditional healers or doctors as well as no care whatsoever.
Clinic health services refer to public clinics, while private services include private
doctors, private clinics, employer-based clinics and facilities operated by NGOs.
Hospital health services refer to all public hospitals in Madagascar. Other definitions are
presented in table 3.1.

3.3.1 Shocks Data
The Madagascar Household Survey collected information on various unexpected
events that negatively affected the household. The data includes the source of the shock,
the scale of the shock (i.e., whether the event affected only the household, the village, the
commune or the entire district) and the size of the impact on the household. I define
idiosyncratic shocks as adverse events that affect the income of the household or a small
group of households in the community. Conversely, covariate shocks are negative events
that affect the village, the commune or the district.

12

The value of the shock is self

Specifically, a shock is defined as the total income loss generated by an unexpected economic event such

as (1) an increase in input costs, (2) an increase in cost of goods, (3) difficulty finding buyers, (4) difficulty
finding inputs, (5) loss of employment, (6) general increase in prices, (7) death of community member, (8)
other unexpected economic problems in the previous; environment events that the household faces such as
(1) cyclone, (2) flood, (3) drought, (4) late rains, (5) early rains, (6) locust invasion, (7) forest/brush fire, (8)
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reported and depends on estimates made by the household. Additionally, shocks to the
household occurring in the previous year were classified in four broad categories:
economic, environmental, crime, and health. I aggregate those economic, environmental,
crime, and health shocks that only affect the household in a single category: idiosyncratic
shocks. Furthermore, I also aggregate those shocks in these four categories that affect the
entire community in a one category: covariate shocks. These shocks were reported in
terms of income and consumption lost. For the purpose of this paper I use income lost
due to idiosyncratic and covariate shocks. Table 3.1 summarizes the definitions of the
shocks.
Table 3.2 presents selected descriptive statistics for those individuals that were
affected by idiosyncratic and covariate shocks. About 38 percent of the women who used
formal prenatal care suffered an idiosyncratic shock and 33 percent a covariate shock. For
those women who did not use formal prenatal care, 36 percent experienced an

lavaka (land collapse) that affected production, (9) plant disease or pests affecting production, (10) disease
or pests affecting stored crops, (11) livestock illness, (12) road to market cut off and (13) other climatic or
environmental problems; crime events that the household faces such as (1) theft of cash, (2) theft of
consumption goods, (3) theft of inputs, (4) cattle theft, (5) theft of crops in storage, (6) theft of crops in the
field, (7) violence against household members, (8) land conflict, and (9) other security problems; health
events that the household faces such as (1) death of adult household member, (2) illness of adult household
member, (3) death of other household member, (4) illness of other household member, (5) other health
issues in the previous year divided by 100,000 (Ariary).
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idiosyncratic shock and 33 percent a covariate shock.13

Woman who used private

services faced fewer idiosyncratic (26 percent) and covariate (22 percent) shocks. This
shock represents approximately US$270 in 2005. Table 3.3 presents the descriptive
statistics, which are divided into individual, household and community level
characteristics and described below.

3.3.2 Individual and Household Level Data
The following characteristics of the mother were considered for this paper: the
mothers' age, marital status, education of both the mother and her father, mother's
employment status, wantedness, practice of traditional religion, number of previous
births, and health problems. The age of the mother can be a proxy for depreciation in the
health endowment and thus positively related to the demand for formal health care. For
example, table 3 shows that women who chose private health services are on average two
years older than women in the other categories. Another measure of the health of the
mother included here is a dummy variable equaling one if the woman experienced fever
symptoms or malaria. Malaria has a high prevalence in Madagascar (World Bank 2007),
and Cot et al. (2002) reported that 8.1 percent of deliveries from a sample in Madagascar

13

I performed a t-test to study the difference between idiosyncratic shocks and covariate shocks for the

women who used formal prenatal care. I found that the mean value of idiosyncratic shocks is statistically
different from the covariate shocks at the 0.10 level. Conversely, the difference between the value of
idiosyncratic shocks and covariate shocks for the women who do not used formal prenatal care are not
significant.
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had placental malaria. Compared with other options, a greater percentage of women who
reported fever or malaria chose private services, suggesting that pregnant women who are
ill look for more sophisticated services. As mentioned earlier, the health of pregnant
women may also be affected by the physical labor associated with agricultural work.
Around 64 percent of the women who use formal prenatal healthcare work in agriculture.
In terms of education, approximately 23 percent of the women using formal
prenatal care never attended school compared with 54 percent of women who did not use
formal services. Around 60 percent of the women who chose no formal care had fathers
with no schooling, compared to 37 percent of women who used formal prenatal care
services. Women who chose hospitals and private health services had approximately
three previous births while women who chose no prenatal care had about four previous
births. The number of previous births can be considered a measure of experience, and a
negative relationship with formal prenatal care services can be expected.
Among the women who chose no formal care, 7 percent are legally married,
compared to 47 percent for those who demand private services. In addition, a variable
for the practice of traditional religion is included, since this might be related to reliance
on traditional medicines. The measure of wantedness is a dummy variable equaling 1 if
the woman reported a desire for more children as a reason for not using birth control.14 It
is expected that if a woman desires more children she wants both the actual pregnancy

14

The relevant question in the survey refers to current use of birth control, not the use of birth control prior

to the pregnancy.

It is possible that some women wanted the previous pregnancy, but do not want

additional children.
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and the infant. The a priori expectation is that wantedness has a positive effect on formal
prenatal care since the women that want to be pregnant are willing to protect infant
health. Interestingly, only 2 percent of the women who chose private services reported
wanting more children versus 19 percent who chose no formal services (table 3). This
may reflect variable access to birth control between urban and rural areas or by income.
The characteristics of the mother's household are described in the second part of
table 3. Our household level variables include whether the household is headed by a
female, the household head's education; whether employer health benefits are available;
rural status; per capita household income; and household expenditures on tobacco,
alcohol, food, and idiosyncratic and covariate shocks. Also included are several types of
environmental inputs related to hygiene, and reported family illnesses. Illness of a family
member can also be a proxy for both an unhealthy or unsanitary environment. Almost 8
percent of pregnant women who seek prenatal attention have an adult member sick at
home. This is almost twice the number that do not seek formal attention.
As a proxy for hygiene, this paper uses the lack of toilet or latrine in the house,
cement floors, and uncovered water sources. Unsanitary conditions could increase the
demand for formal care through an increased risk of illness or if women try to
compensate for poor conditions with an increase in formal health care.

However,

unsanitary conditions are likely correlated with poverty and low levels of education and
might therefore lead to a decreased demand for formal services. The descriptive statistics
suggest the latter explanation might dominate. For example, 72 percent of households
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who do not use formal prenatal care have no toilet or latrine compared with only 42
percent who do seek formal care.
Households spend slightly more than half of their income on food in our data set.
The expected effect of food expenditure share on prenatal care is ambiguous. Controlling
for total household income, a higher food expenditure share could suggest a greater
awareness of health and nutrition that might be correlated with awareness of the
importance of prenatal care.

Conversely, higher food expenditure should make the

pregnant woman healthier and less likely to need prenatal care services. Expenditures on
tobacco and alcoholic beverage would be expected to have a negative effect on formal
healthcare. For household income, a per capita household expenditure variable was
constructed, following Deaton and Zaidi (2002). Table 3 shows that women who demand
private services have nearly double the income of those women who demand prenatal
clinic services. Around 8 percent of pregnant women who look for formal services have
insurance compared with 2 percent that have insurance and do not demand prenatal
services. Furthermore, households headed by women typically are poorer than other
households, and one would expect this to have a negative effect on formal prenatal
healthcare.
Spending decisions, including spending on prenatal care, may be in the control of
the head of household. Thus, both the gender and education level of the household head
are examined. One would expect that the household head's education level and health
insurance would have a positive effect on the demand for health services.
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3.3.3 Community Level Data
Factors at the community level like public health and other economic conditions
may influence demand for formal prenatal care. Some of the community level factors
include mean income of the community, cost of the service, transportation variables, and
quality of health services.15 The logit estimation (described in the next section) uses the
service and transportation cost of the least costly of the health services, the transportation
time of the closest health care facility, and the minimum time for waiting and service.
The expectation is that the decision to use formal prenatal care is influenced by the least
costly option. On the other hand, the multinomial logit estimation uses the average costs
of clinic health services, average transportation costs for a clinic, average transportation
time to the clinic, and average time for waiting and service at a clinic. Due to missing
observations from the Madagascar Household Survey general health status sample, costs
for the hospitals and private clinics were not included.
The mean income data are provided at the commune level and come from the
Madagascar poverty map, which is based on the 1993 population census (the most recent
census in Madagascar). Table 3 shows that women who choose private services are more

15

The costs variables for the health services, transportation costs, transportation time, and time for waiting

and service at the health facility that are discussed here comes from a general health status survey of the
Madagascar Household Survey 2005. The information obtained in this section allows me to estimate of a
minimum and average of these variables at the commune level. It is important to note that the Madagascar
Household Survey 2005 does not provide this information for women using prenatal health services.
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likely to live in communes (counties) with high mean incomes and a high rate of health
professionals per capita.
Variables like the number of bush-taxis, communities with paved roads, and
communities without motorized transportation are provided by the 2001 Madagascar
Commune Census.

A commune is an administrative unit in Madagascar roughly

equivalent to a county, and the commune census collected information on infrastructure
and services available at the commune level. There were nearly 1,400 communes at the
time of the 2001 commune census, and the villages surveyed in the Madagascar
Household Survey were matched to the 334 communes in which they are located.
It is expected that a shorter distance to health facilities and the availability of
transportation will increase the utilization of formal prenatal healthcare. The descriptive
statistics indicate that women who do not use formal healthcare live in communes with
fewer bush taxis, no paved roads, and higher travel costs and time to the hospitals. The
proxies of quality of health services are the rate of doctors per 1,000 people, the rate of
nurses and midwives per 1,000 people, and service and waiting time in public facilities.
Increasing the rate of health specialists in the community may increase the quality of
health services. Higher service and waiting time in a health facility can be associated
with a low quality level if it is due to lack of health specialists. However, higher levels of
quality in the health facility can generate increases in the demand for healthcare, resulting
in longer waiting times. The next section econometrically tests the effects of shocks and
other economic variables on the choice of prenatal care.
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3.4 Empirical Results
The goal of this paper is to explore the factors influencing prenatal health care
choices, particularly the effect of covariate and idiosyncratic shocks. First, I use a logit
model to study whether or not a woman seeks formal care.16 If a woman does seek
formal care, then she must choose the type of provider. For this decision, a multinomial
logit model was used.17 For both the logit and multinomial logit estimations, several
different models are presented, using different sets of variables. I performed three logit
estimations (models 1, 2 and 3). Model 1 focuses on individual and household variables.
Model 2 controls for community fixed effects.

Model 3 was expanded to include

different variables at the commune level such as mean income of the community, cost of
the service, transportation variables, and quality of health services at the commune level.
The inclusion of this last set of variables at the commune level implies 376 (26%)
observations were lost due to missing variables from other data sets. However, it is
important to include these set of variables since the omission can generate bias.
The results of the logit estimation are presented in table 4, where the dependent
variable equals 1 if the woman sought formal prenatal care. I found that idiosyncratic

Age squared was included in an early estimation was not significant. Also, the effect of the head of
household working in agriculture and the employment status of the head of household were evaluated. But,
these variables present a high tetrachoric correlation with other important individual dichotomous
variables; so, they were dropped from the estimations.
17

1 did not estimate a nested logit estimation since I did not have specific data (e.g., price, distance) for all

the providers.
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shocks reduce the utilization of formal prenatal care.

Idiosyncratic shocks have a

statistically significant effect in two of the three models.

Idiosyncratic shocks can

decrease the consumption capability of the individuals and can make them reallocate
consumption to adapt to the shock.

Interestingly, covariate shocks increase the formal

prenatal care demand. It is plausible that covariate shocks generate food insecurity,
decrease community support, and reduce traditional health services. These conditions can
harm women's health and force them to use formal healthcare to compensate the lack of
other inputs of health.19
Consistent with previous work, education has a strong effect on the choice of
prenatal care. Our three dummy variables for lack of formal education (of the mother, of
the female's father, and of the household head) have a negative effect on the choice of
formal prenatal health services. The results suggest that women with some level of
education have a higher level of awareness of the importance of formal prenatal care to
their own health and that of their infant. Working in agriculture has a positive and
significant effect on all choices of formal prenatal health services. Women who work in
agriculture are more likely to have pregnancy complications because of the strong
physical effort that is required.
The results for our hygiene measures are mixed. An uncovered water source,
throwing trash outside of the house, and the lack of a toilet or latrine have a negative

18

Economic, health, crime and environmental shocks were tested and each of them was not significant.

19

The elasticities (marginal effect) of the idiosyncratic shocks and covariate shocks are -0.004 and 0.022,

respectively. These elasticities are calculated from model 1.
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effect on the decision to seek formal healthcare. It is plausible that an uncovered water
source, improper trash disposal, and lack of a toilet or latrine can capture the effect of
wealth or behavioral unobservables that affect the choice of formal prenatal care (Celik
2000). It is possible that women are not aware of the effects of untreated water and
inappropriate waste disposal on health. Conversely, having an adult household member
who is sick increases the likelihood that the woman will seek formal care. Diseases can
generate both illness and food insecurity in the household. Having a sick family member
may increase the likelihood that the pregnant woman will become ill as well.
Household per capita income may affect the capacity of women to afford costs
related to prenatal care. As expected, wealthier households are more likely to seek
formal care. The per capita expenditure of the household has a positive effect on the
selection of formal health services. Contrary to expectations, an employer health benefit
is not significant in any of the models. However, only 8 percent of households had any
kind of employer health benefit and this variable is correlated with household
expenditure.
Turning to the community-level variables, I find that consistent with other studies,
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travel time and service and waiting time in the health facility affect the choice of care.

The variable of female wages at the commune level was tested as a proxy of the opportunity cost of
prenatal care. The variable of wages at the commune level was negative and significant related to formal
prenatal care in the logit equation and negative related to private and clinic in the multinomial logit
equation. However, due to missing observations I did not include in this variable in the final estimations.
The inclusion of this variable did not alter the level of significance of other regressors.
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Likely reflecting the lack of trained health care professionals in Madagascar (World
Bank, 2007; Francken et al., 2008), an increase in the time required for obtaining the
service reduces the demand for formal health services.
The logit estimation helps us understand the factors affecting whether or not
individuals choose to seek formal care, but we also may want to understand what drives
the kind of care chosen. A multinomial logit model was used to examine the choice
between no formal prenatal care, public clinic, public hospital, or private facility.
Public clinics typically are the cheapest and closest facilities, but are usually staffed by
nurses or midwives and have limited services and capacity. Public hospitals have doctors
and operating rooms, but are located only in the district capitals. Private facilities (except
those operated by religious organizations or NGOs) are more frequently found in cities,
and their services vary. No formal prenatal care is the base outcome in the estimations.
Two different models (models 1 and 2) for the multinomial estimation are presented in
tables 5 and 6; the difference between models 1 and 2 is that model 2 includes variables
at the commune level.22

21

Both a multinomial logit model and a multinomial probit estimation were estimated. The results of both

techniques are similar. Only the results of the multinomial logit estimation were used are presented here.
22

The multinomial logit is used when the alternatives, usually more than three, are mutually exclusive. It is

important to note that in this sample, the women chose only one option (i.e., hospital, private, clinic, and
self-treatment), but some individuals chose an option outside the category (i.e., many receive attention in
district hospitals and university hospitals). A possible limitation of using a multinomial logit is that it relies
on the assumption Independence from Individual Alternatives (IIA). IIA restricts to zero the covariance of
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Women who suffer covariate shocks are more likely to seek these three types of
formal prenatal care relative to no care. On the other hand, idiosyncratic shocks are
negative and significant only in the clinic equation. This can suggest that women who
confront an idiosyncratic shocks substitute formal for informal health care (i.e.,
traditional healer or traditional birth attendance).

Clinics, traditional healers and

traditional birth attendants are found primarily in rural areas. It is possible that in rural
areas women substitute clinics with traditional healer or traditional birth attendants.
Consistent with previous findings, older women are more likely to choose
hospitals for care. Pregnant women may see age as a risk factor, thus increasing their
demand for more sophisticated health services associated with hospitals. Also, women
who have fever or symptoms of malaria are more likely to select a private provider for
healthcare.
Interestingly, women who practice traditional religion are more likely to use
private services.

This result contradicts the hypothesis that people who practice

traditional religion may be more likely to rely on traditional medicine. Contrary to
expectations, wantedness is negatively related to private healthcare.

However, our

wantedness measure (women who do not use birth control because they want more
children) is likely imperfect because access to birth control is limited, particularly in rural
areas. Our result may reflect the fact that wealthier, urban women are both more likely to
use birth control and are more likely to use private facilities.

error terms in the model (Akin et al 1995). Since the Hausman test shows evidence that IIA assumption
holds, the parsimonious way was chosen to estimate a multinomial logit.
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The share of expenditures on alcohol and cigarettes have different effects on the
choice of prenatal health services. The share of alcoholic beverage expenditures is
negatively and significantly related to the choice of clinic provider, while the share of
cigarette expenditures has a positive and significant effect.

One possible explanation

(following models of intrahousehold allocations) is that a higher allocation of household
resources to alcohol consumption occurs in households where men are making the
spending decisions. In the case of Madagascar, pregnant women are not necessarily
aware of the effects of second-hand smoke, but the related respiratory problems might
increase the demand for healthcare. Another possibility is that cigarette consumption
may be capturing disposable income.
The results regarding hygiene measures are broadly similar to the results in the
logit estimations. Consistent with the logit estimation, when an adult member of the
household is sick, the woman is more likely to seek all types of formal prenatal care. In
addition, the presence of diseases has a positive effect on the demand for clinic prenatal
care. This result indicates that the health environment is a powerful determinant of
formal prenatal care. This estimation also suggests that households living in rural areas
are less likely to choose hospitals and private facilities. This is due to the distance the
women have to travel and the lack of the transportation infrastructure.
Transportation variables are an important factor in formal healthcare choices. As
expected, the average travel time to a clinic is shown to be negatively related to the
choice of clinic prenatal care. The three different proxies of quality used to determine
average service and waiting time in the clinic facility had a negative effect on public
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hospitals and public clinics.

The numbers of physicians in the community and the

numbers of nurses and midwives in the community were not statistically significant in the
models considered.
The result of both the logit estimation and the multinomial logit estimation
suggest that covariate shocks increase the utilization of all types of formal prenatal
healthcare. Furthermore, those factors that can jeopardize pregnant women's health and
the health of the infant (e.g., diseases in family members, or cigarettes) increase the
utilization of the more affordable health services. Economic factors like human capital,
quality of health services, lower transportation costs, and income, increase the utilization
of formal healthcare.
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3.5 Conclusions
This paper uses a large household data set to explore the effect of shocks and
other economic determinants on the choice of prenatal healthcare providers. Some of the
factors considered are idiosyncratic and covariate shocks, health environment and
education. Consistently in all of our models we find that covariate shocks increase the
likelihood of using formal prenatal care. The finding also suggests that shocks that affect
the entire community may reduce inputs to women's health (e.g., food, shelter,
community support) which women can try to compensate for by increasing demand for
formal health care.

Conversely, idiosyncratic shocks reduce the likelihood of using

formal prenatal care. It is plausible that women who face idiosyncratic shocks substitute
formal prenatal care for informal healthcare. Our findings suggest also that economic
factors like income and education are associated with increases in the demand for formal
prenatal healthcare. Furthermore, factors related to the health service (i.e., cost of the
service, travel time, and waiting time) increase use of prenatal healthcare.
The Millennium Development Goals (United Nations 2009) highlight what it is
required to reduce both infant and maternal mortality. Because maternal death and child
mortality have been linked to the lack of prenatal health and delivery assistance
(Alauddin 1986; Bhatia 1993; Fikreea et al. 2004; Harris 1982), the targets of Millennium
Development Goals include increasing the rate of prenatal care utilization. The results of
this study provide some guidance on how Madagascar can reach this goal. First, formal
education is associated with a higher use of prenatal care services and thus the education
of girls should be a continued priority for the government. Second, improving roads,
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public transportation, and clinic services in remote areas will decrease barriers to
accessing prenatal care. Third, the numbers of qualified health care workers, particularly
in rural areas, needs to be increased to reduce waiting and service time and increase the
quality of care. While these are long-term, expensive solutions, small, more immediate
gains might be made through efforts to change attitudes towards prenatal care. This
study suggests that many women in Madagascar only seek formal prenatal care if they
suspect there is a problem; further research is needed into how to make the use of formal
prenatal care common practice for all pregnant women.
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Table 3.1: Description of the Variables at the Individual Level
Variable

Definition

Choice Variables
Formal Prenatal Care
Hospital Health
Services
Private Health Services
Clinic Health Services
Non Formal Healthcare

Includes the following categories: clinic health services, private health
services, and hospital health services.
Includes the following categories and hospital health services: university
hospital, regional hospital, first and second level district hospital.
Includes the following categories: private doctor, private clinic, employerbased clinic, and NGO.
Includes the following categories: the concept of first and second level
clinics.
Includes the following categories: informal healer, informal doctor, and
nonprenatal care.

Individual Level
Health related
Age

The age of the female.

Fever or Malaria
Working in Agriculture
Demographic

One if the woman suffered fever symptoms or malaria infection.

Married
Traditional Religion
Experience-Human
Capital
No SchoolingWomen's Father

One if the woman is legally married.
One if the woman practices traditional religion.

No Schooling-Women
Previous Births
Preferences
Wants More Children

One if woman has no education.

One if the woman works in agriculture.

One if woman's father has no education.
Number of live previous births.
One if the woman wants more children and does not use birth control.
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Table 3.1 -Continued
Variable
Household Level
Adult member Sick
Hygiene
Cement Floor
No Toilet
Throw Trash Out
Uncovered Water
Source
Economic

Definition
One if the household reports an active adult sick in the household.
One if the floor of the woman's house is cement.
One if the woman's house does not have toilet or latrine in the house or
surrounding area.
One if the members of the household throw the trash out of the house.
One if the woman's house is supplied by an uncovered source of water.

Alcohol Expenditures

Share of total household expenditures on alcoholic beverage.

Cigarette Expenditures
Employer
Health
Benefit

Share of total household expenditures on tobacco.

Food Expenditures

Share of total household expenditures for food.
Per capita household expenditure in national currency (Ariary, the
national currency).

Expenditure
No
SchoolingHousehold Head
Women Household
Head

One if the household head has health benefits at work.

One if household head has no education.
One if a woman is the head of household.

Geographical
Rural

Idiosyncratic Shocks

Covariate Shocks

One if the woman lives in a rural area.
Total income loss generated by an event that affect the household or some
group of households in the village generating an unexpected economic
problem, environment, crime, and/or health events in the previous year
divided by 100,000 (Ariary).
Total income loss generated by an event that affect the village, the
commune of the district generating an unexpected economic problem, ,
environment, crime, and/or health events in the previous year divided by
100,000 (Ariary).
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Table 3.1 -Continued
Variable

Definition

Commune Level
Economic
Cost of Service to
Clinic

Average cost of clinic health services at the commune level (Ariary).

Cost of Service (Min)

Minimum cost of the health services at the commune level (Ariary).

Mean Income
Quality

Mean income at the commune level divided by 1,000 (Ariary).

Physicians
Nurses and Midwives
Waiting Time at Clinic
Waiting Time (Min)

Number of doctors divided by population per thousand at the commune
level.
Number of nurses and midwives divided by population per thousand at the
commune level.
Average waiting time and service time at the clinic at commune level in
minutes.
Minimum waiting time and service time in a health facility at the commune
level in minutes.

Transportation
Bush-Taxi
No
Motorized
Transportation
Paved Roads

Number of bush-taxi at the commune level.
One if there is any tractor, truck, small truck or motorcycle at the commune
level.

Travel Time to Clinic

Average travel time to a clinic health facility at the commune level.

Travel Time (Min)

Minimum travel time to the health facility at the commune level in minutes.
Average transportation cost to the clinic at the commune level in minutes
divided by 1,000 (Ariary).
Minimum transportation cost to a health facility at the commune level
divided by 1,000 (Ariary).

Trip Cost to Clinic
Trip Cost (Min)

One if the commune has paved roads.
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Table 3.2: Selected Descriptive Statistics of Individuals Affected by a Shock

N

Proportion of
Individuals that had an
Idiosyncratic Shock

Idiosyncratic
Shock
(Ariary)

Proportion of
individuals
that had a
Covariate
Shock

Covariate
Shock
(Ariary)

1043

0.38

214,121

0.33

251,159

231

0.35

375,553

0.36

228,053

Private

68

0.26

267,300

0.22

207,333

Clinic
No formal
Care
All
observations
Individual
Level
Age
(years)
Fever or
Malaria
(dummy)
Working in
Agriculture
(dummy)
No
SchoolingWoman
(dummy)
No
SchoolingWoman's
Father
(dummy)
Previous
Deliveries
(number
of)
Married
(dummy)
Traditional
Religion
(dummy)
Wants
More
Children
(dummy)

744

0.40

166,209

0.33

261,899

411

0!36

536,188

0.33

185,037

0.7173

0.1589

0.0468

0.5117

0.2827

26.8501

26.7297

28.6269

26.724

26.154

0.0479

0.0476

0.0735

0.0457

0.0268

0.6405

0.5758

0.3088

0.6909

0.7056

0.2293

0.2664

0.1029

0.2294

0.5463

0.3739

0.355

0.1618

0.3992

0.6034

3.4247

3.1082

3.2794

3.5363

3.6399

0.2456

0.2478

0.4706

0.2242

0.076

0.1283

0.1087

0.1471

0.1326

0.2689

0.1668

0.1515

0.0294

0.1841

0.1922

Choice
Variable
Formal
Care
Hospital
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Table 3.3: Mean Value for the Different Choices of Health Care
Formal Care

Hospital

Private

Clinic

No formal
Care

Adult Member Sick (dummy)

0.0796

0.0779

0.1029

0.078

0.0414

No Toilet (dummy)

0.4167

0.3696

0.2059

0.4507

0.7171

Cement Floor (dummy)

0.1803

0.2478

0.4118

0.1378

0.078

Throw Trash Out (dummy)
Uncovered Water Source
(dummy)

0.5563

0.5652

0.4853

0.5601

0.7707

0.5255

0.4391

0.3235

0.5709

0.7098

Alcohol Expenditures (Ariary)
Cigarette Expenditures
(Ariary)
Employer Health Benefits
(dummy)

0.0002

0.0003

0.0003

0.0001

0.0002

0.0003

0.0002

0.0003

0.0003

0.0002

0.0808

0.1174

0.1765

0.0607

0.022

Food Expenditures (Ariary)

0.5086

0.5147

0.5412

0.5037

0.5057

Expenditure (Ariary)
No Schooling-Household
Head (dummy)
Women Household Head
(dummy)

350,989

389,630

625,340

313,818

255,533

0.206

0.1826

0.1912

0.2146

0.4585

0.0626

0.0696

0.0735

0.0594

0.0634

Rural (dummy)
Idiosyncratic Shock (Ariary)

0.5197
80,269

0.3261
130,061

0.1912
70,755

0.61
65,679

0.6049
190,470

Covariate Shock (Ariary)

82,901

81,941

45,735

86,595

61,679

Household Level
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Table 3.3-Continued
Commune Level
Cost of Service
(Minimum) (Ariary)
Cost of Service at Clinic
(Average) (Ariary)
Mean Income (Ariary)
Physicians (per 1,000
population)
Nurses and Midwives (per
1,000 population)
Waiting Time (Minimum)
(minutes)
Waiting Time at Clinic
(Average) (minutes)
Bush-Taxi (number of)
No Motorized
Transportation (dummy)
Paved Roads (dummy)
Travel Time (Minimum)
(minutes)
Travel Time the Clinic
(Average) (minutes)
Trip Cost (Minimum)
(Ariary)
Trip Cost to the Clinic
(Average) (Ariary)
N

Formal Care

Hospital

Private

Clinic

No formal
Care

63.19

100.00

204.54

37.75

64.39

116.78

236.89

250.00

68.07

77.60

343,204

378,031

460,455

322,122

304,579

7.43

9.37

12.38

6.51

6.51

17.90

26.67

33.24

14.21

14.20

14.87

13.80

8.28

15.85

26.80

22.84

24.78

21.66

22.35

34.85

26

31

50

23

22

0.1159

0.0556

0.0308

0.1421

0.2025

0.4161

0.5231

0.8308

0.3459

0.3249

26.60

24.29

11.36

28.82

47.36

33.58

35.99

18.10

34.37

54.55

27.62

15.66

13.6364

32.80

120.96

56.77

117.03

156.66

29.38

142.22

1043

231

68

744

411
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Table 3.4: Logit Estimation for Use of Formal Prenatal Care Services
Dependent Variable is 1 if
Formal Care is Chosen
Individual Level
Age (years)
Fever or Malaria
(dummy)
Working in Agriculture
(dummy)
No Schooling- Woman
(dummy)
No Schooling-Woman's
Father (dummy)
Previous Deliveries
(number of)
Married (dummy)
Traditional Religion
(dummy)
Wants More Children
(dummy)
Household Level
Adult Member Sick
(dummy)
No Toilet (dummy)
Cement Floor (dummy)
Throw Trash Out
(dummy)
Uncovered Water Source
(dummy)
Alcohol Expenditures
(Ariary+)
Cigarette Expenditures
(Ariary)
Employer Health
Benefits (dummy)
Food Expenditures
(Ariary)
Expenditure (Ariary)
No Schooling-Household
Head (dummy)
Women Household Head
(dummy)
Rural (dummy)
Idiosyncratic Shock
(Ariary)
Covariate Shock (Ariary)

Model 1
(No Commune
Variables)
Z
Coeff.
robust
0.006
0.46

Model 2
(Fixed Effect)

-0.017

Z
robust
-0.91

Coeff.

Model 3
(Commune
Variables)

0.011

Z
robust
0.65

Coeff.

0.709***

1.80

0.602

1.18

0.477

0.98

0.479*

3.00

0.079

0.27

0.480*

2.52

-0.770*

-4.89

-0.824*

-3.96

-0.819*

-4.30

-0.399*

-2.83

-0.368***

-1.89

-0.459*

-2.69

-0.037

-1.01

-0.010

-0.20

-0.057

-1.33

0.568**

2.48

0.677*

1.85

0.402

1.51

-0.143

-0.81

-0.169

-0.55

-0.137

-0.60

0.046

0.27

0.085

0.32

-0.108

-0.53

0.665**

2.22

0.426

1.17

1.130*

2.84

-0.339**

-2.15

-0.516***

-1.88

-0.296

-1.56

0.083

0.34

0.148

0.43

0.230

0.71

-0.514*

-3.21

-0.544**

-2.01

-0.624*

-3.11

-0.25***

-1.70

-0.163

-0.55

-0.135

-0.72

-74.180

-1.05

-201.322

-1.21

-68.500

-0.84

117.276

1.46

235.746

1.40

126.132

1.28

0.460

1.11

0.764

1.15

0.404

0.81

0.467

1.30

0.662

1.04

0.252

0.57

0.118**

2.67

0.204*

2.51

0.087

1.61

-0.272***

-1.71

-0.202

-0.85

-0.178

-0.93

-0.089

-0.31

0.060

0.15

-0.651***

-1.78

-0.130

-0.95

0.001

0.00

-0.014***

-1.76

0.013

1.32

-0.016***

-1.81

0.088*

2.88

0.128*

3.90

0.116*

3.47
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Table 3.4 -Continued
Dependent Variable is 1
if Formal Care is Chosen

Model 1

Model 2

Commune Level
Cost of Service (Min)
(Ariary)

Model 3

0.013

0.15

Mean Income (Ariary)
Physicians (per 1,000
population)
Nurses and Midwives
(per 1,000 population)
Waiting Time (Min)
(minutes)
Bush-Taxi (number
of)
No Motorized
Transportation
(dummy)

0.002***

1.85

-0.008

-0.92

0.011

0.32

-0.005*

-3.23

0.002

0.65

-0.100

-0.42

Paved Roads (dummy)
Travel Time (Min)
(minutes)
Trip Cost (Min)
(Ariary)

-0.481***

-1.90

-0.003**

-2.01

-0.200

-1.45

1.432**

2.34

1.101**

Constant

2.45

1,420

889

1,044

Prob > chi2

(24)
194.93
0.0000

140
(23)
128.28
0.0000

(34)
159.21
0.0000

Log pseudolikelihood

716.25

-291.64

-498.26

N
Number of communes
Wald chi2

2

0.16
0.19
Pseudo R
*** indicates that the coefficient is significant at 10 percent level; ** (*) indicates significance at 5(1)
percent level. The degrees of freedom are in parenthesis.
+ Ariary is the currency of Madagascar. In 2005 the exchange rate was 2003.026 Ariary per dollar.
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Table 3.5: Model 1, Multinomial Logit Estimation for Type of Care Chosen
No care is base
outcome

Hospital

Private

Clinic

Coefficient

Z Robust

Coefficient

Z
Robust

Coefficient

Z
Robust

0.037**

1.97

0.036

1.27

-0.005

-0.33

0.647

1.26

1.579**

2.58

0.701***

1.71

0.613*

2.75

0.124

0.36

0.477*

2.85

-0.196

-0.84

-1.599*

-2.94

-0.907*

-5.38

-0.503**

-2.54

-1.216*

-2.80

-0.321*

-2.17

-0.168*

-2.98

-0.080

-0.76

0.001

0.03

0.556***

1.90

1.138*

2.87

0.524**

2.24

-0.154

-0.55

1.225**

2.47

-0.206

-1.09

-0.151

-0.63

-1.737**

-2.31

0.160

0.89

Individual Level
Age (years)
Fever or Malaria
(dummy)
Working in
Agriculture
(dummy)
No SchoolingWoman (dummy)
No SchoolingWoman's Father
(dummy)
Previous Deliveries
(number of)
Married (dummy)
Traditional Religion
(dummy)
Wants More
Children (dummy)
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Table 3.5-Continued
No care is base
outcome

Hospital

Clinic

Private

Coefficient

Z Robust

Coefficient

Z
Robust

Coefficient

Z
Robust

0.585

1.52

1.203**

2.23

0.674**

2.17

No Toilet (dummy)
Cement Floor
(dummy)
Throw Trash Out
(dummy)
Alcohol
Expenditures
(Ariary)
Cigarette
Expenditures
(Ariary)
Employer Health
Benefits (dummy)
Food Expenditures
(Ariary)

-0.375***

-1.65

-0.505

-1.25

-0.322***

-1.96

0.205

0.68

0.397

0.99

0.007

0.03

-0.408***

-1.92

-0.666**

-1.99

-0.544*

-3.29

84.209

0.92

-51.732

-0.48

-155.695***

-1.86

-13.433

-0.12

98.039

0.62

152.044***

1.78

0.630

1.37

0.050

0.08

0.400

0.93

0.529

1.02

2.068**

2.20

0.381

1.01

Expenditure (Ariary)
Women Household
Head (dummy)
Uncovered Water
Source (dummy)
No SchoolingHousehold Head
(dummy)

0.136**

2.51

0.347*

4.91

0.087***

1.83

-0.056

-0.15

-0.397

-0.64

-0.074

-0.24

-0.418**

-2.04

0.105

0.28

-0.221

-1.42

-0.517**

-2.02

0.645

1.46

-0.248

-1.45

Rural (dummy)
Idiosyncratic Shock
(Ariary)
Covariate Shock
(Ariary)

-0.984*

-4.97

-1.274*

-3.44

0.180

1.24

0.007

0.77

-0.004

-0.12

-0.036**

-2.31

0.097*

2.74

0.101**

2.27

0.087*

2.75

Constant

-0.687

-1.16

-3.863*

-3.65

0.937**

1.98

Household Level
Adult Member Sick
(dummy)

N

1,420

Wald chi2(72)

374.21

Prob > chi2 =

0.0000

Log pseudolikelihood

-1362.56

0.15
Pseudo R2
*** indicates that the coefficient is significant at 10 percent level; ** (*) indicates significance at 5(1)
percent level.
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Table 3.6: Model 2, Multinomial Logit Estimation for Type of Care Chosen
No Care is Base
Outcome

Hospital

Private

Clinic

Coefficient

Z Robust

Coefficient

Z
Robust

Coefficient

Z
Robust

0.036

1.59

0.057

1.54

0.001

0.03

0.344

0.57

1.610**

2.32

0.453

0.89

0.425

1.21

0.680

1.46

0.374

1.38

-0.350

-1.25

-1.567**

-2.51

-0.921*

-4.53

-0.675*

-2.75

-1.442*

-2.85

-0.359**

-2.01

-0.163**

-2.48

-0.101

-0.86

-0.025

-0.55

0.734*

2.62

0.034

0.08

0.456**

2.30

-0.246

-0.67

1.668**

2.59

-0.193

-0.79

-0.404

-1.34

-2.172**

-2.03

0.033

0.16

Individual Level
Age (years)
Fever or
Malaria
(dummy)
Working in
Agriculture
(dummy)
No SchoolingWoman
(dummy)
No SchoolingWoman's Father
(dummy)
Previous
Deliveries
(number of)
Married
(dummy)
Traditional
Religion
(dummy)
Wants More
Children
(dummy)
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Table 3.6 -Continued
No Care is Base
Outcome

Household Level
Adult Member
Sick (dummy)
No Toilet
(dummy)
Cement Floor
(dummy)
Throw Trash
Out (dummy)
Uncovered
Water Source
(dummy)
Alcohol
Expenditures
(Ariary)
Cigarette
Expenditures
(Ariary)
Employer
Health
Benefits
(dummy)
Food
Expenditures
(Ariary)
Expenditure
(Ariary)
No SchoolingHousehold
Head (dummy)
Women
Household
Head (dummy)
Rural (dummy)
Idiosyncratic
Shock (Ariary)
Covariate
Shock (Ariary)

Hospital

Private

Clinic

Coefficient

Z Robust

Coefficient

Z
Robust

Coefficient

Z
Robust

1.229*

2.66

1.512**

2.25

1.103*

2.67

-0.179

-0.63

-0.478

-0.86

-0.318

-1.61

0.201

0.49

1.004**

1.93

0.173

0.52

-0.433

-1.62

-0.389

-0.87

-0.668*

-3.25

-0.235

-0.91

-0.200

-0.42

-0.105

-0.54

154.167

1.6

-68.261

-0.43

-175.893***

-1.70

-2.521

-0.02

115.846

0.58

151.604

1.49

0.800

1.36

-0.192

-0.21

0.300

0.59

0.389

0.58

0.630

0.47

0.193

0.42

0.077

1.11

0.211**

2.33

0.077

1.36

-0.511***

-1.67

0.639

1.14

-0.151

-0.73

-0.844***

-1.65

-1.808**

-2.49

-0.566

-1.48

-0.770*

-2.69

-1.176**

-2.30

0.254

1.17

0.005

0.46

-0.001

-0.02

-0.039**

-2.03

0.116*

2.88

0.123**

2.54

0.116*

3.46
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Table 3.6 -Continued
No Care is Base
Outcome
Commune Level
Cost of Service to
Clinic (Ariary)
Mean Income
(Ariary)
Physicians (per
1,000)
Nurses and Midwives
(per 1,000)
Waiting Time at
Clinic (minutes)
Bush-Taxi (number
of)
No Motorized
Transportation
(dummy)
Paved Roads
(dummy)
Travel Time to Clinic
(minutes)
Trip Cost to Clinic
(Ariary)

Private

Hospital

Clinic

0.137

1.47

0.172

1.04

-0.077

-0.8

0.002***

1.84

0.002

1.13

0.001

1.27

-0.017

-1.59

-0.016

-1.23

-0.003

-0.32

0.035

0.89

-0.014

-0.20

-0.004

-0.12

-0.009*

-3.03

-0.004

-1.21

-0.005*

-2.71

0.001

0.21

0.010

1.37

0.002

0.46

-0.641

-1.31

-0.074

-0.06

-0.032

-0.13

-0.233

-0.67

0.059

0.09

-0.522**

-1.98

-0.001

-0.67

-0.007***

-1.73

-0.003**

-1.97

-0.281

-1.36

0.369

0.79

-0.216

-1.59

Constant

-0.580

-0.73

-3.697**

-2.20

1.398**

2.16

N

1,044

Wald chi2(102)
Prob > chi2
Log pseudolikelihood

403.09
0.00
-936.74

0.18
Pseudo R
* indicates that the coefficient is significant at 10 percent level; ** (*) indicates significance at 5(1)
percent level.
2
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CHAPTER IV
THE EFFECTS OF SHOCKS ON CONTRACEPTIVE USE

4.1 Introduction
The availability of contraceptive methods has the potential to prevent negative
outcomes to health and give women control over reproductive choices in developing
countries. In poor countries where the access to prenatal care and maternal healthcare is
limited, contraceptives can save the life of the mother and prevent a child being born into
difficult health and economic circumstances. Contraceptive policies have been targeted
by social planners as one of the most important strategies to improve public health. For
example, the Millennium Development Goals draw attention to the relevance of
contraceptive use to reduce maternal and infant mortality and morbidity (United Nations,
2009).
Contraceptive use may reduce maternal mortality.

The UN (2010) estimates

indicate that the use of contraceptives to reduce unintended pregnancies can reduce
maternal mortality. A drop in the number of unwanted pregnancies from 75 million to 22
million annually can reduce maternal deaths by about 27 percent (UN, 2010). There are
no estimates of unwanted pregnancies in Madagascar, however, in 2006, the adolescent
birth rate of 138 in Madagascar was relatively high when compared with eastern Sub-
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Saharan region's average of 106 (UNICEF 2008).

One possible reason for the high

level of adolescent birth rate is that Madagascar has lower contraceptive use relative to
other Sub-Saharan countries.

During the period 2000 to 2006, Madagascar had a

contraceptive prevalence of 27 percent, 3 percent lower than the eastern Sub-Saharan
countries (UNICEF, 2008).
A shock is a loss of income, consumption and/or production assets generated by
unexpected economic, environmental, criminal, or health events. A shock can affect a
woman's ability to obtain and afford contraceptives methods. Furthermore, when shocks
destroy household assets, women may substitute lost assets with more children if children
are considered an investment for future periods, thus reducing the demand for
contraceptives. Conversely, shocks may increase health risks to the infant and mother.
Shocks can reduce resources that can be devoted to children; in which case women may
want to utilize contraception as a strategy to avoid these negative outcomes. Shocks also
may reduce access to maternal healthcare services, essential in cases of obstetric
complications. Understanding how women respond to different types of shocks can be
useful to counteract potential negative effects.
The paper is organized as follows. Section 2 discusses the related literature.
Section 3 introduces the data and briefly comments about the contraceptive providers in
Madagascar. Section 4 contains the empirical results and section 5 presents the findings
and conclusions of the study.

23

The adolescent birth rate is the annual number of births to women aged 15-19 per 1,000 women in that

age group.
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4.2 Related Literature
This paper draws on several areas of the literature. First is a brief review of the
literature related to shocks. Next, two relevant areas in the contraception literature
contraceptive demand and the demand for particular contraceptive methods are discussed.

4.2.1 Shocks
Shocks can be defined as "adverse events that lead to a loss of household income,
a reduction in consumption and/or a loss of productive assets" (Dercon et al., 2005). This
literature looks at the effects of different types of shocks (i.e., economic, climatic,
political, crime, and health) on income, consumption, or asset accumulation (Dercon and
Hoddinott, 2003; Carter et al., 2006; Wagstaff, 2007). For example, Dercon et al., (2005)
looked at the effect of price, environmental, crime, and health shocks on the level of
consumption. They found that droughts and illness of the head of the household led to a
reduction in the level of consumption. Wagstaff (2007) found that a health shock, such
as the death of a working age family member, reduced the level of income of a household
in urban areas in Vietnam. Furthermore, Carter et al., (2006) found that environmental
shocks negatively affected the asset accumulation of households in Honduras and
Ethiopia.
It is plausible that different types of shocks have different psychological effects
due to different levels of uncertainty. The persistence of the effect of a shock that affects
the level of prices can be different than the persistence of the effect of a shock that
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destroyed crops. Kim and Prskawetz (2009) found that climatic and mortality shocks
have positive effects on the level of consumption, while unemployment has a negative
effect.
There is evidence indicating that individuals who face shocks adopt less risky
behaviors (Morduch, 1990; Dercon, 1996). If shocks increase the risk of infant and
maternal mortality or harm, parents can utilize contraception as a strategy to prevent
negative outcomes.

For example, Jensen (2000) found that environmental shocks

increase children's malnutrition and decrease school enrollment rates. According to
Martorell (1999) vulnerability from malnutrition can result in infant growth retardation
(e.g., decreased immunocompetence, delayed cognitive and motor development, and
increased morbidity) and hurt future adult economic performance. There is evidence that
indicates that shocks reduce fertility (Lindstrom and Berhanu 1999; Portner 2008).
Lindstrom and Berhanu (1999) found that economic shocks can reduce fertility in the
short run.

Similarly, Portner (2008), using a sample from Guatemala found that

hurricanes reduce fertility.
However, shocks might also decrease contraceptive demand. Children can be used by
parents as a support for older stages of life (Foster and Roy, 1997) and "shock absorber"
mechanisms (i.e., security asset) for future shocks (Portner 2001). Kim and Prskawetz
(2009) found that in the presence of economic shocks (i.e., unemployment), individuals
increase their fertility, using children as a precautionary saving device. A shock also can
have the effect of reducing the availability of contraceptives and the capacity of a
household to afford contraceptives.
82

4.2.2 Contraceptive Demand
Women's schooling increases formal contraceptive demand (Bhargava et al.,
2005; Gereltuya et al., 2007; Schraudenbach and McFall, 2009). Ainsworth et al., (1996)
identified four channels through which schooling affects fertility decisions: the effect of
wages, children's quality, more effective use of contraception, and lower infant mortality.
Education increases a woman's likelihood of entering the labor force, and wages increase
the opportunity cost of pregnancy and child rearing, making women less likely to have
children. It is plausible that women with higher levels of education want high quality
children, which are time intensive, requiring high human capital investments and
schooling.

Another way in which education can increase contraceptive use is that

educated women may be able to apply contraceptive technologies more effectively.
Partners' education also has been identified as an important factor (Dang 1995; Steele et
al., 2001; Chen and Guilkey, 2003). Ezeh (1993) found that a partner's education has a
positive effect on contraceptive use and a higher weight in the contraceptive use decision
than a woman's education.
Parents can try to replace the loss of an offspring by having more children.
Benefo and Schultz (1996) had found that child mortality at the individual level increases
fertility. Other studies have found that infant and child mortality at the individual level
reduces contraceptive use (DaVanzo, et al., 1986; Kahn 1997; Kaufman 1998).
However, not much is known about the effect of maternal mortality at the community
level on contraceptive use; this paper examines this relationship.
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The effect of marital status is ambiguous. Akin and Rous (1997) found that the
absence of a male partner in the household reduces contraceptive use. Where Barber
(2007) found a positive relationship between being married and contraceptive demand,
others, such as Schraudenbach and McFall (2009) and Kaufman (1998), found a negative
relationship. A possible explanation is that in many Sub-Saharan countries, husbands are
opposed to contraceptive use (Ezeh, 1993). However, a husband's financial support may
enable a woman to purchase contraceptives.
Age has been identified as another important determinant of contraceptive use
because it can be seen as a proxy for biological fertility (Menken, 1985). Many studies
have found that age increases demand for contraceptives (Minh and Nguyen, 2002; Chen
and Guilkey, 2003; McNay et al., 2003). Other papers found an inverted U-shaped
relationship between age and contraceptive demand (DaVanzo et al., 1986; Feyisetan and
Ainsworth, 1996; Akin and Rous 1997). If there is an inverted U-shaped relationship
between age and fertility, women can use more contraception in the stage of life where
they are more biologically fertile and less contraception in stages close to childhood and
menopause.
Other important factors in contraceptive use are the number of children in a
family and the ages and gender of those children. For example, in some populations the
number of male children in a household increases the probability of using contraceptives
(Aly and Shields, 1991; Choe and Tsuya, 1991; McNay et al., 2003.), while the number
of daughters also increases contraceptive use, but the effect is smaller (McNay et al.,
2003). A woman will set a target for the total number of male children she will have and
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will start to use contraceptives when she reaches the target (Yamagushi, 1989; Jensen,
2005).

Barber (2007) found a positive relationship between children's ages and

contraceptive demand. Bhargava et al., (2005) and Gereltuya et al., (2007) found a
positive relationship between total number of children and contraceptive demand.
Factors at the community level like urban-rural differences, are important in the
demand for contraceptives. Women in urban areas are more likely to use contraceptives
(Dang, 1995; Feyisetan and Ainsworth, 1996; Kaufman 1998). The presence of a family
planning center in the community (DaVanzo et al., 1986) and high quality health services
(Barber, 2007) also are associated with increases in contraceptive demand.
Understanding what determinants influence the choice of contraceptive method is
important from a public policy perspective since the government can target those
contraceptives that are preferred by women. The findings of the studies of the choice
among the different contraceptive methods are consistent with the literature discussed
above. In this literature, some papers focus on the determinants of the choice of informal
(traditional or natural) contraceptive methods (Chen and Guilkey, 2003; DaVanzo et al.,
1986). Some of the informal methods discussed in the literature are the outercourse or
withdrawal method, the rhythm or safe time method, and folkloric methods (i.e., the use
of manual, chemical, and inanimate object methods to prevent pregnancy).
Knowing the characteristics of the population that uses informal contraceptive
methods is important because these women are interested in controlling their fertility, but
may face barriers to using formal methods. Using a sample from rural Tanzania, Chen
and Guilkey (2003) found that education and partner education increase the likelihood of
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using traditional contraceptive methods. Similarly, DaVanzo et al., (1986) found that
education increases the likelihood of using the rhythm method. Furthermore, they found
that infant mortality decreased the probability of using folkloric methods.
The effect of shocks on fertility and contraceptive use is not clear. If women want
to prevent the negative outcome of a shock to their offspring, they would increase
contraceptive use. Conversely, if parents use children as a saving device for future
shocks, women may reduce contraceptive use.

Women's education also has been

identified as a one of the most important factors in the contraceptive use choice.
Education may increase women's opportunity cost of pregnancy and bargaining power at
home. Other demographic factors such as marital status, age, and the number of children
also play a role in the contraceptive use decision. The data used to examine the effects of
shocks and other economic variables on contraception are presented in the next section.

4.3 Background and Data
Madagascar has rich and detailed data to study the determinants of contraceptive
use. I used three sources of data in this paper: the Madagascar Household Survey (EPM,
Enquete aupres des Menages) for 2005, the Madagascar Commune Census for 2001, and
the national population census for 1993 (the most recent census in Madagascar). The
Madagascar Household Survey is the main source of data for this paper. This data set is
based on a random sample of 11,781 households and about 54,000 individuals. In these
households, I used information on women between 15 to 49 years old that were sexually
active (in a relationship with low to high frequency intercourse) and not sterile (by
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menopause, hysterectomy, or other natural reasons). I excluded pregnant women, women
who were in the postpartum period, and women who were breast feeding from the
sample. Those individuals who reported that formal methods were not available or were
too far away were excluded from the sample —about 800 individuals.

From the

remaining sample of 6,659 women, 20 percent used formal contraceptive methods; 4
percent used informal contraceptive methods; and 76 percent used no contraceptive
method at all.24

The main reasons reported for not using formal contraceptive method

included: wanting more children (23 percent), health issues and fear of side effects (15
percent), and partner opposition and religious reasons (10 percent).25 Table 4.1 presents
the variables definitions, and table 4.2 presents the descriptive statistics.

Among those using formal contraceptives, 34 percent used pills, 54 percent used injections, and 11
percent used condoms or other formal methods. In this paper the determinants of the different formal
methods were not studied, since not all were available in the different communes. The women obtained
their contraceptive methods from public health facilities (62 percent), the private medical sector (21
percent), and other sources (16 percent). "Public" includes the following categories: public hospital, public
clinic, hospital health services, and community health agent; 43 percent of the contraceptives are provided
by public clinics. "Private" includes the following categories: private doctors and clinics. "Other" includes
the following categories and hospital health services: boutiques, religious centers, parents, friends,
traditional healers.
25

Another reason mentioned was postpartum or breastfeeding (9 percent). For this paper continuous

breastfeeding is not part of the definition of informal contraceptive.
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4.3.1 Shocks Data
The Madagascar Household Survey included questions on four different types of
shocks to the household that occurred in the previous year: economic, environmental,
crime, and health. These shocks were reported in terms of lost income. The value of the
shock is self reported and depends on the estimate of the household.

Information on

income and consumption lost due to the shock as well as the scale of the shock (i.e.,
whether the event affected only the household or the entire village, district, and so on) is
also included. For example, economic shocks consist of unexpected events such as rise
in input costs; environmental shocks include events such as floods; crime shocks include
events such as theft of consumption goods; and health shocks consist of events such as
death of adult household member. Table 4.1 offers a detailed description of the shocks.
Table 4.3 discusses selected descriptive statistics for those individuals that were
affected by the different types of shocks. About 22 percent of the women in the sample
experienced an economic shock, 34 percent an environmental shock, 15 percent a crime
shock, and 10 percent a health shock. Those households that had experienced a crime or
environmental shock suffered the highest loss of income. Of the women who suffered
environmental shocks, on average 37 percent did not used formal contraceptives, 26
percent used formal contraceptives, and 25 percent used informal contraceptives.
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4.3.2 Individual and Household Characteristics
The average age among the women in the sample is about 30 years.

The

percentage of women with lack of education and who did not use contraceptives is 32
percent, more than two times the percentage who used formal contraceptive methods (14
percent). A similar pattern was found in the number of the women's fathers with lack of
education.
Around 20 percent of the women who used no contraceptive method were
married, compared with 30 percent who used formal contraceptive methods and 35
percent who used informal contraceptive methods.

Women who used formal

contraceptive methods were less likely to be unmarried and living with a partner. Among
the women who did not use any contraceptive method, 66 percent worked in agriculture,
compared with 50 percent who used formal contraceptive methods. Women who used
formal contraceptives had a higher number of previous deliveries and a fewer infant
deaths than the women who did not use any contraceptive method.
On average, most households have one male and one female child (below 15
years of age). About 56 percent of the women who did not use contraceptives and 45
percent of the women who used formal contraceptives lived in the rural areas. Rural
areas may have fewer health workers and more difficulty accessing contraceptives.
Women who used formal contraceptives were more likely to live in a woman-headed
household; this tendency could indicate that these women were more likely to prevent
unwanted pregnancies and the costs that a pregnancy implies. Women who used formal
and informal contraceptive methods had mean household per capita expenditures about
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1.5 times higher than the women who did not use contraceptive methods. This would be
consistent with contraceptives as a normal good.
I use several proxies for household resource constraints: total food expenditure,
distance to the source of water, and size of the house. We can expect that households
with higher food consumption, better access to water, and larger houses will have lower
levels of fertility and lower contraceptive use.

Yet, it is possible that poorer households

have difficulties affording contraceptives. Women who do not use contraceptives had, on
average, houses with lower square meters and had longer distances to the source of water
relative to the other groups. The individual and household data discussed in this subsection come from the Madagascar Household Survey.

4.3.3 Commune Characteristics
The rate of physicians, nurses, and midwives per 1,000 individuals was used as a
proxy for health quality at the commune level. I expect that health professionals have a
positive effect on contraceptive use. The data on health professionals came from the
commune census. Women who use informal contraceptives live in communes with
26

If these variables are highly correlated with income, the relationship between these variables and the

demand for contraceptives depends on whether children are normal or inferior goods. Becker's (1960)
seminal paper assumes that children are normal goods. For example, Black et al., (2008) found evidence
indicating that, ceteris paribus, children are normal goods. Even though the evidence suggests that children
are normal goods, the demand for children can face a larger substitution effect that makes parents decrease
their demand for children to increase their income and their demand for other goods.
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higher levels of health specialists; the opposite is true for women who no use
contraceptives. I also controlled for maternal mortality level at the commune level as a
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proxy of risk related to pregnancy and delivery.

If women are aware of the maternal

mortality level of their communities, they can use contraceptives as precautionary
measures. Women who used informal contraceptives lived in communes with higher
levels of maternal mortality. The data on health professionals and maternal mortality
came from the Commune Census. A commune is similar to a county. The commune
census collect information about 1400 communes in Madagascar gathering data on issues
like public health, the availability of public goods and services, transportation, and
aggregate shocks.
Mean income was included as a proxy of the level of infrastructure and resources
of the communes (counties). Women who used some type of contraceptive lived in
communes with high mean incomes (table 4.2). The mean income data was provided by
the Madagascar poverty map, which was based on the 1993 population census. The next
section explores the determinants of contraceptive use decisions using the variables
described above.

Note that my definition of maternal mortality differs from the traditional one. For this paper maternal
mortality is equal to the total number of women at the commune level who died during or immediately
following childbirth divided by the commune population multiplied by 10,000. The maternal mortality rate
in Madagascar was 469 in 2004, relatively lower than the 2005 average of 830 deaths for the sub-Saharan
region (Francken, Sharp, Filmer, & Sagesake, 2008). The findings are discussed in the next section.
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4.4 Results
To evaluate the factors affecting contraceptive choice, this paper presents two
models. First, this paper uses a probit model (model 1) and probit commune fixed effect
model (model 2) where the dependent variable equals 1 if the woman use formal
contraception.

Second, this paper uses a multinomial probit model to study the choice
9Q

among formal and informal contraceptive use compared to no contraceptive use.
Tables 4.4 and 4.5 report the findings for probit and multinomial probit estimations,
respectively. The findings for the probit estimations are discussed as follows.
i n

I find that economic shocks increase contraceptive use.

Households that face

economic uncertainty try to reduce their fertility. Households in Madagascar appear to
respond to shocks by trying to avoid the expense of children or to avoid exposing

I controlled for variables like covariate and idiosyncratic shocks and found an insignificant effect.
Furthermore, I performed a Heckman probit model to control a possible problem of selection, since I
excluded from the sample pregnant women, women who were in the postpartum period, and women who
were breast feeding. These women are more likely to choose to not use any type of contraceptives. The
results remained the same.
29

In the presence of a shock, individuals may substitute formal for informal contraceptives. If this is the

case, there will be a violation of the Independence from Irrelevant Alternatives (IIA) assumptions present
in the multinomial logit estimation. The main differences between the multinomial logit estimation and the
multinomial probit estimation is that crime shocks are not significant in the multinomial logit estimation.
30

The elasticities (marginal effect) of the shocks are small. The elasticities of the economic, environmental,

and crime shocks are 0.01, 0.02, 0.01, respectively. The elasticities (marginal effect) of health shocks is
lower than 0.01. These elasticities where calculated from model 1.
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children to difficult circumstances. This result differs from Kim and Prskawetz (2009),
who found a positive effect of economic shocks on fertility.

However, I find that

environmental shocks reduce the likelihood of using contraceptives.

Environmental

shocks like floods or cyclones can reduce the availability of contraceptives. For example,
if an environmental shock destroys roads or bridges, this could make accessing
contraceptives more difficult. Similarly, I find that crime shocks reduce contraceptive
use. It is plausible that crime shocks affect access to contraceptive providers. The
different signs between economic and environmental shocks suggest that households
have different reactions to different types of shocks. Kim and Prskawetz (2009) found
that economic shocks and environmental shocks have different effects on consumption.
Like Dercon et al., (2005), I find that environmental shocks decrease consumption, in this
case the likelihood to consume contraceptives. I find also that economic shocks increase
contraceptive use; this result is consistent with Lindstrom and Berhanu's (1999) findings.
Health shocks have no statistically significant effect in the probit estimation.

31

Evans et al., (2008) suggested that climatic shocks are not linear in fertility. I find that shocks in a

quadratic specification are not significant with the exception of health shocks.

I find a U-shaped

relationship between health shocks and contraceptive demand. Similar to Evans et al., (2008), this can
indicate that in the presence of smaller shocks individuals increase fertility but when they face a higher
shock, individuals reduce their fertility.
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Women with no formal education are less likely to use contraceptives.
Education appears to be one of the more important determinants of contraceptive use.
This could indicate that human capital increases a woman's opportunity costs of
pregnancy and contraceptive awareness. Similarly, I find that if the woman's father and
her partner lack education, she is less likely to use formal contraceptives. Consistent with
Akin and Rous (1997), I find that there is an inverted U-shaped relationship between age
and contraceptive use. According to the estimates, contraceptive use increases until 27
-jo

years of age and then decreases.
Consistent with the literature, the number of children a woman has lost decreases
the likelihood of using contraceptives, suggesting that women try to compensate their
loss with new children. The number of previous deliveries increases the probability of
using contraceptives. Furthermore, I find that the number of female children reduces
formal contraceptive use, suggesting a preference for male children.
Resources are important determinants of formal contraceptive choice.

For

example, per capita expenditures and total food expenditures have a positive and
significant effect on contraceptive use, and distance to the source of water reduces

The elasticities (marginal effect) indicates that the age, mean income, number of previous deliveries, and
food expenditure variables have the higher weight in the likelihood of demand for contraceptives.

The

results of the marginal effect are available upon request.
33

1 use the following equation (0.1386426*Age - 0.0025882*Age2) to identify the age of maximum use of

contraceptives.
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contraceptive use.

This indicates that poorer households are less able to afford

contraceptives.
At the commune level, the maternal mortality at the commune level increases
contraceptive use. The level of maternal mortality can alert women to the risks of
pregnancies and deliveries. Commune mean income also increased contraceptive use,
possibly reflecting greater availability or greater acceptance of contraceptive use in these
communities.34 Wealthier communes may also be endowed with better transportation
systems and efficient health services.
The results for the multinomial probit estimation are broadly similar to the probit
estimation for the choice variable of formal contraceptives (table 4.5). Education is an
important determinant of informal contraception.

Variables like women's lack of

education, women's father's lack of education, and head of the household's lack of
education are negatively related with informal contraceptive (e.g., outercourse or
withdrawal method, the rhythm or safe time method, and folkloric methods) use. This
suggests that education increases the likelihood of adopting contraceptive technology
regardless of the type (i.e., formal or informal). Consistent with the probit estimation
women who work in agriculture are less likely to demand formal and informal
contraceptives.

I also estimate marginal effects.

Commune mean income is one of the most relevant variables to

increased contraceptive use according to the marginal effect.
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There are several noteworthy differences between the probit and multinomial
probit results. The number of female children shows a positive and significant effect
with respect to informal contraceptive demand. The positive effect of the number of
female children may suggest that female children are less preferred than male children.
Similar to the result of the probit estimation, environmental shocks have a negative effect
on formal contraceptive use. However, environmental shocks have a positive effect on
informal contraceptive use. Individuals who faced a shock might lose access to formal
contraceptive methods, substituting formal for informal contraceptives. Because there
are typically fewer constraints to accessing informal contraceptives.

Crime shocks

reduce formal contraceptive demand. Individuals that suffer a crime shock might have
difficulty accessing or affording contraceptives due to insecurity.
Variables such as size (square meters) of the home and income are positively
related to informal contraceptive use. Food expenditures, distance to water source, and
income are important determinants of formal contraceptives. Thus, families with higher
levels of resources want and are able to control their levels of fertility using either
informal or formal contraceptives; this is consistent with the findings of the probit
estimation.
At the commune level, the maternal mortality rate and the number of physicians
increase both formal and informal contraceptive use.

Having midwives available

decreases the informal contraceptive demand. This could indicate that physicians at the
commune level can stimulate the use of a more effective technology (i.e., formal
contraceptive method).
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I found that economic shocks increase the use of contraceptives. Hard economic
conditions reduce the desire for children. Conversely, environmental, and crime shocks
have a negative effect on contraceptive use. It is possible that environmental, and crime
shocks limit the access to contraceptives. Both, infant death and the level of maternal
mortality at the commune level influence women decision of using contraceptives too.

4.5 Conclusions
This paper evaluates the effects of economic, environmental, crime, and health
shocks on the demand for contraception and thus indirectly evaluates the effect of
different shocks on fertility.

This paper assesses the effects of shocks and other

economic variables on the formal and informal use of contraceptives using a large
household data set from Madagascar.
I found that economic shocks increase the likelihood of using formal
contraception. Women may use contraception to prevent negative outcomes on their
children since economic shocks can reduce resources needed to care for children.
Conversely, environmental and crime shocks decrease the likelihood of using formal
contraception.

Environmental and crime shocks may affect the access to a health

provider. The differences in the effect of these shocks (i.e. economic shocks vis-a-vis
environmental and crime shocks) can be due to different kinds of risk and the effect of
the shock on the availability of contraceptives.
Results also suggest that women's education increases contraceptive use.
Education may increase woman awareness of the health and economic effect of fertility.
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Women with higher levels of education can have higher bargaining power at home and
higher opportunity costs of pregnancy. The education of the male member of the family
(i.e., women' partner and father) is also an important factor.
Interestingly, factors like the death of a child son or a daughter and maternal
mortality in the commune have opposite effects on contraceptive use. In communities
where maternal mortality is high, women may control their fertility as a strategy to
prevent morbidity and death. Conversely, when a woman suffers the death of a son or a
daughter, she increases her fertility by decreasing the contraceptive use. The number of
female children also reduces contraceptive use.

These aforementioned results can

indicate that women choose for a particular number of sons and daughters.
In terms of policy implications, family planning programs can increase efforts to
provide contraceptives to women who live in areas affected by climatic events and
locations with higher crime rates. Furthermore, programs can emphasize contraceptive
distribution in areas with a lack of doctors and other health professionals.
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Table 4.1: Description of the Variables at the Individual and Household Levels
Variable

Definition

Choice Variables

Formal Contraceptive

One if the woman or her partner use some form of formal contraceptive.
These formal contraceptives include pills, injections, condoms, and other
contraceptive methods.

Informal Contraceptive

Includes women that use no formal contraceptive methods.

Individual Level
Age

The age of the woman.

Works in Agriculture

One if the woman works in agriculture.

Married

One if the woman is legally married.

Unmarried Living with
Partner

One if the woman is unmarried monogamous or polygamous.

Traditional Religion

One if the woman practices traditional religion.

Women Lack of
education

One if woman has no education.

Women's Father Lack of
education

One if woman's father has no education.

Previous Deliveries

Total number of deliveries of the women.

Infant Deaths

Total number of deliveries of the women minus total number of sons and
daughters still alive.

99

Table 4.1 -Continued
Definition

Variable
Household Level
Female Children

Total number of females of 14 years old or younger in the household.

Male Children

Total number of males of 14 years old or younger in the household.

Household Head's Lack
of Education

One if household head has no education.

Women Household
Head

One if a woman is the head of household.

Rural

One if the woman lives in a rural area.

Expenditure Per Capita

Per capita household expenditure (in national currency Ariary).

Distance to Water

Distance to the water source in meters divided by 1,000.

Square Meters of the
House

Total area of the house in square meters.

Total
Expenditures

Total household expenditures on food divided by 100,000 (Ariary).

Food

Economic Shocks

Total income loss generated by an unexpected economic problem such as
(1) rise in input costs, (2) rise in cost of goods, (3) difficulty finding buyers,
(4) difficulty finding inputs, (5) loss of employment, (6) general rise in
prices, (7) death of community member, (8) other unexpected economic
problems in the previous year divided by 100,000 (Ariary).

Environmental Shocks

Total income loss generated by environment events that the household faces
such as (1) cyclone, (2) flood, (3) drought, (4) late rains, (5) early rains, (6)
locust invasion, (7) forest/brush fire, (8) lavaka (land collapse) that affected
production, (9) plant disease or pests affecting production, (10) disease or
pests affecting stored crops, (11) livestock illness, (12) road to market cut
off and (13) other climatic or environmental problems in the previous year
divided by 100,000 (Ariary).

100

Table 4.1 -Continued
Household Level

Definition

Crime Shocks

Total income loss generated by crime events that the household faces such as
(1) theft of cash, (2) theft of consumption goods, (3) theft of inputs, (4) cattle
theft, (5) theft of crops in storage, (6) theft of crops in the field, (7) violence
against household members, (8) land conflict, and (9) other security
problems in the previous year divided by 100,000 (Ariary).

Health Shocks

Total income loss generated by health events that the household faces such
as (1) death of adult household member, (2) illness of adult household
member, (3) death of other household member, (4) illness of other household
member, (5) other health issues in the previous year divided by 100,000
(Ariary).

Commune
Level

(County)

Maternal Mortality

Number of women who died during or immediately following childbirth at
the commune level divided by the commune population, multiplied by
10,000.

Physicians

Number of doctors divided by population per thousand at the commune
level, multiplied by 1,000.

Nurses

Number of nurses divided by population per thousand at the commune level,
multiplied by 1,000.

Midwives

Number of midwives divided by population per thousand at the commune
level multiplied by 1,000.

Mean Income

Mean income at the commune level deflated at 2005 prices divided by
100,000 (Ariary).
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Table 4.2: Descriptive Statistics
Total Sample

No Use of
Contraceptive

Formal
Contraceptives

Informal
Contraceptives

6,659

5,106

1,307

246

Number of
Observations
Variables

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Age (years)

30.42

8.96

30.34

9.15

30.79

8.09

30.17

9.29

Woman
Lack of
Education
(dummy)

0.28

0.45

0.32

0.47

0.13

0.34

0.11

0.32

Woman's
Father's
Lack of
Education
(dummy)

0.40

0.49

0.45

0.50

0.27

0.44

0.22

0.42

Married
(dummy)

0.23

0.42

0.20

0.40

0.30

0.46

0.35

0.48

Unmarried
Living with
Partner
(dummy)

0.08

0.27

0.08

0.27

0.06

0.24

0.11

0.31

Traditional
Religion
(dummy)

0.14

0.35

0.17

0.37

0.06

0.24

0.07

0.25

Working
Agriculture
(dummy)

0.62

0.49

0.66

0.47

0.50

0.50

0.42

0.50

Previous
Deliveries
(number of)

3.00

2.68

2.93

2.74

3.29

2.44

2.87

2.53

Infant
Deaths
(number of)

0.29

0.81

0.30

0.83

0.28

0.78

0.22

0.65

Individual
Level
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Table 4.2 -Continued
Total Sample

No Use of
Contraceptive

Formal
Contraceptives

Informal
Contraceptives

Household
Level
Female
Children
(number of)

1.19

1.16

1.18

1.18

1.21

1.10

1.29

1.17

Male
Children
(number of)

1.21

1.18

1.19

1.18

1.31

1.17

1.16

1.12

Household
Head's Lack of
education
(dummy)

0.24

0.43

0.28

0.45

0.12

0.33

0.10

0.30

Rural
(dummy)

0.53

0.50

0.56

0.50

0.45

0.50

0.38

0.49

Women
Household
Head
(dummy)

0.08

0.28

0.08

0.27

0.11

0.32

0.06

0.24

Square
Meters of
the House
(square
meters)

28

20

27

20

31

22

34

22

Distance to
Water
(meters)

0.24

0.59

0.26

0.66

0.16

0.27

0.14

0.39

Total Food
Expenditure
(Ariary)

411,937

293,015

385,258

276,551

491,313

314,902

543,967

380,875

Expenditure
Per Capita
(Ariary)

366,903

310,114

340,820

282,767

447,184

358,003

481,743

449,918

The scale of monetary variables is not changed in this table.
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Table 4.2 -Continued
Total Sample

No Use of
Contraceptive

Formal
Contraceptives

Informal
Contraceptives

Household
Level
Economic
Shocks
(Ariary)

33,554

249,331

30,475

220,368

44,766

348,734

37,904

168,371

Environment
Shocks
(Ariary)

77,400

330,216

83,500

342,169

50,039

241,118

96,175

456,836

Crime
Shocks
(Ariary)

68,422

738,058

78,812

822,587

36,288

355,739

23,508

140,545

Health
Shocks
(Ariary)

18,410

262,321

17,042

214,750

20,869

392,336

33,730

297,056

Maternal
Mortality
(per 10,000
population)

1.42

4.36

1.37

4.18

1.57

4.83

1.70

5.25

Physicians
(per 1,000
population)

8.10

14.23

7.66

13.81

9.06

14.01

12.27

21.42

Nurses (per
1,000
population)

10.64

18.63

10.06

17.77

11.53

18.95

17.92

29.63

Midwives
(per 1,000
population)

8.17

17.08

7.48

15.85

8.76

15.31

19.26

36.18

353,381

134,830

339,638

127,379

394,796

146,056

418,597

157,711

Commune
Level

Mean
Income
(Ariary)

The scale of monetary variables is not changed in this table.
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Table 4.3: Selected Descriptive Statistics of Individuals Affected by a Shock
Environmental
Shock

Economic
Shock

Criminal
Shock

Health
Shock

2,282

1,491

1,013

685

Mean

225,859

149,858

449,778

178,963

Standard
Deviation

533,609

510,240

1,847,188

800,649

Number of
individuals

1,878

1,182

771

526

Mean

227,023

131,645

521,937

165,431

Standard
Deviation

534,630

443,378

2,062,647

651,031

Number of
individuals

341

249

205

128

Mean

191,793

234,977

231,361

213,087

Standard
Deviation

442,775

771,730

874,538

1,241,621

Number of
individuals

63

60

37

31

Mean

375,540

155,408

156,297

267,668

Standard
Deviation

847,403

314,880

336,300

809,901

Number of
individuals

Total Sample

No
Contraceptive
Use

Formal
Contraceptive
Use

Informal
Contraceptive
Use
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Table 4.4: Probit Estimations
Dependent Variable is 1 if
Formal Contraceptive is Chosen;
Otherwise Zero
Individual Level

Model 1
(Without Commune Fixed
Effect)
Coefficient
Robust Z

Model 2
(Commune Fixed Effect)
Coefficient

Robust Z

Age (years)

0.076*

4.83

0.086*

5.02

Age Square (years)
Women's Lack of Education
(dummy)
Women's Father's Lack of
Education (dummy)

-0.001*

-5.69

-0.002*

-6.22

-0.333*

-5.75

-0.338*

-4.87

-0.185*

-4.31

-0.176*

-3.65

0.007

0.15

0.044

0.75

-0.153**

-2.03

-0.022

-0.26

Traditional Religion (dummy)

-0.323*

-4.72

-0.144***

-1.68

Working Agriculture (dummy)
Previous Deliveries (number
of)
Infant Deaths (number of)

-0.078***

-1.72

0.026

0.46

0.084*

6.62

0.102*

7.19

-0.086*

-3.00

-0.102*

-3.15

Female Children (number of)

-0.031

-1.62

-0.022

-1.00

Male Children (number of)
Household Head's Lack of
Education (dummy)

0.028

1.48

0.059*

2.87

-0.133**

-2.19

-0.145*

-2.01

-0.066

-1.37

-1.775*

-2.42

0.214*

3.24

0.253*

3.43

0.001

1.34

0.002

1.43

Married (dummy)
Unmarried Living with Partner
(dummy)

Household Level

Rural (dummy)
Women Household Head
(dummy)
Square Meters of the House
(square meters)
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Table 4.4 -Continued
Dependent Variable is 1 if Formal
Contraceptive is Chosen; Otherwise
Zero

Model 1
(Without Commune
Fixed Effect)
Robust
Coefficient
Z

Model 2
(Commune Fixed Effect)
Coefficient

Robust Z

Household Level
Distance to Water (meters)

-0.121*

-2.59

-0.079

-1.43

Total Food Expenditures (Ariary+)

0.017**

2.07

0.006

0.59

Expenditure Per Capita (Ariary)

0.017*

2.54

0.009

1.25

Economic Shocks (Ariary)

0.021*

3.00

0.012

1.55

Environment Shocks (Ariary)

-0.016**

-2.31

-0.022*

-2.82

Crime Shocks (Ariary)

-0.005***

-1.69

-0.004

-1.50

Health Shocks (Ariary)

0.005

0.71

-0.002

-0.24

0.015*

3.70

Physicians (per 1,000 population)

-0.001

-0.82

Nurses (per 1,000 population)

0.002

1.24

Midwives (per 1,000 population)

-0.006*

-2.68

Mean Income (Ariary)

0.105*

6.63

Commune Level
Maternal Mortality (per 10,000
population)

-2.212*
-9.04
Constant
Model 1: Number of observations = 6659, Wald chi2(28) = 527.00, Prob > chi2 = 0.0000, Log
pseudolikelihood = -3004.4126, Pseudo R2 = 0.0889. Model2: Number of observations = 5613, Wald
chi2(293) = 2060.11, Log pseudolikelihood =-2586.955, Prob > chi2 = 0.0000. * indicates that the
coefficient is significant at 1 percent level; ** (***) indicates significance at 5 (10) percent level.
+ Ariary is the currency of Madagascar. In 2005 the exchange rate was 2003.026 Ariary per dollar.
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Table 4.5: Multinomial Probit Estimation for Individual, Household, and Commune Characteristics
for the Contraceptive Method (No contraceptive use base outcome)
Base Outcome No Use of Contraceptive

Formal Contraceptive

Variables

Coefficient

Robust Z

Coefficient

Robust Z

Age (years)

0.098*

4.46

-0.048

-1.54

Age Square (years)

-0.002*

-5.38

0.001

1.06

Woman Lack of Education (dummy)

-0.478*

-5.91

-0.349**

-2.47

Women's Father's Lack of Education
(dummy)

-0.290*

-4.82

-0.422*

-4.32

0.025

0.38

0.132

1.29

Unmarried Living with Partner
(dummy)

-0.186***

-1.77

0.245***

1.68

Traditional Religion (dummy)

-0.461*

-4.81

-0.223

-1.44

Working Agriculture (dummy)

-0.126***

-1.98

-0.227**

-2.25

Previous Deliveries (number of)

0.119*

6.66

0.047***

1.82

Infant Deaths (number of)

-0.125*

-3.09

-0.081

-1.24

Female Children (number of)

-0.035

-1.31

0.075***

1.85

Male Children (number of)

0.039

1.48

0.010

0.25

-0.200**

-2.36

-0.266***

-1.77

Rural (dummy)

-0.084

-1.24

0.043

0.41

Women Household Head (dummy)

0.287*

3.08

-0.116

-0.70

Square Meters of the House (square
meters)

0.002

1.58

0.003***

1.76

Informal Contraceptive

Individual Level

Married (dummy)

Household Level

Household Head's Lack of Education
(dummy)

Number of obs. = 6,659, Wald chi2(54) =748.13,Prob > chi2=0.00, Log pseudolikelihood = -3883.50 *
indicates that the coefficient is significant at 1 percent level; ** (***) indicates significance at 5 (10)
percent level.

108

Table 4.5 -Continued
Base Outcome No Use of Contraceptive

Formal Contraceptive

Variables

Coefficient

Robust Z

Coefficient

Robust Z

Distance to Water (meters)

-0.002*

-2.59

-0.001

-0.86

Total Food Expenditure s(Ariary)

0.026**

2.32

0.021

1.24

Expenditure Per Capita (Ariary)

0.026*

2.80

0.022***

1.67

Economic Shocks (Ariary)

0.030*

3.07

0.010

0.97

Environment Shocks (Ariary)

-0.019***

-1.93

0.019***

1.84

Crime Shocks (Ariary)

-0.083***

-1.77

-0.014

-1.56

Health Shocks (Ariary)

0.009

0.89

0.010

1.25

Maternal Mortality (per 10,000
population)

0.016*

7.25

0.017*

5.66

Physicians (per 1,000 population)

0.002*

4.01

0.003*

3.23

Nurses (per 1,000 population)

-0.003

-1.26

-0.004

-1.41

Midwives (per 1,000 population)

0.002

0.80

-0.006***

-1.76

-0.524***

-1.68

1.474*

4.81

-3.010*

-8.76

-2.127*

-4.32

Informal Contraceptive

Household Level

Commune Level

Mean Income (Ariary)
Constant

Number of obs. = 6,659, Wald chi2(54) =748.13,Prob > chi2=0.00, Log pseudolikelihood = -3883.50 *
indicates that the coefficient is significant at 1 percent level; ** (***) indicates significance at 5 (10)
percent level.
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CHAPTER V
CONCLUSIONS

This dissertation has presented three papers on the effects of economic and risk
factors on sexual and reproductive health. Specifically, I have studied the issues of
maternal mortality, prenatal care demand, and contraceptive use, which are analyzed
using different data sets from Madagascar. I found that factors related to education,
access to healthcare professionals and infrastructure and diseases play an important role
in women's health. The results noted in this dissertation can help identify some factors
that threaten women's health and can help Madagascar accomplish the fifth goal of the
Millennium Development Goals which aims to reduce both maternal mortality and
morbidity.
In all the papers I consistently found that education of women is an important
factor in sexual and reproductive health. Women with higher levels of education likely
have more bargaining power within the household, which allows them to make decisions
that improve their quality of life and health. Furthermore, educated women may be
conscious of the relevance of healthcare practices, causes of diseases, and treatments
(Caldwell, 1979; Elo, 1992). I found that the level of female literacy at the commune
level decreases maternal mortality. Additionally, I found that education of women is
associated with increases in the demand for formal prenatal healthcare and higher use of
formal contraceptives. However, male education is also a relevant factor for the sexual
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and reproductive health of women. Education of the woman's father and partner also
increases the use of formal prenatal healthcare and formal contraceptives.
The results confirm the a priori expectation that both healthcare and
contraceptives are normal goods. Households with higher levels of income are more
likely to use formal prenatal care and formal contraceptives. Furthermore, I found that
households with lower levels of resources are less likely to demand formal prenatal care
and formal contraceptives.
Community mean income has an important effect on sexual and reproductive
health.

Mean income reflect access to resources and the ability of members of the

community to afford care. I found that mean income decreases maternal mortality at the
commune level. Furthermore, mean income increases the likelihood of using formal
contraceptives and the demand for formal prenatal care. Interestingly, the poverty rate
did not have a significant direct effect on maternal mortality and prenatal health care.
The number of available health professionals can have an effect on women's
health. The results for the first essay suggest that the number of doctors reduces maternal
mortality. The number of doctors also has a positive effect on contraceptive use.
The estimations show that the availability of transportation at the commune level
improves access to health services and contraceptives. Transportation availability also
reduces maternal mortality. Specifically, a decrease in the time to reach health services is
important for the improvement of sexual and reproductive health. The longer travel time
to the health provider also decreases the likelihood of using formal prenatal care.

Ill

Diseases during pregnancy can have a detrimental effect on women's health.
Pregnancy may change a woman's immune system, making her vulnerable to infectious
diseases (Regan et al., 2008). Malaria and tuberculosis have a positive effect on maternal
mortality. Fever or malaria symptoms also increase the likelihood of demand for formal
prenatal care. Conversely, health shocks did not have an effect on the likelihood of using
formal contraceptives.
Climatic events can affect access to health providers and can be detrimental to
women's health.

Cyclones have a weak, positive effect on maternal mortality.

Furthermore, I found that covariate shocks (e.g., cyclones or droughts that affect the
entire community) increase the likelihood of using formal prenatal care.

Covariate

shocks affect community support and other inputs of health, forcing women to substitute
other inputs with formal prenatal care.

Environmental shocks decrease formal

contraceptive use, but increase informal contraceptive use. This may indicate that when
environmental shocks affect the access to formal contraceptives, women may substitute
formal contraceptives with informal contraceptives.
The findings in this dissertation point to the importance of improving access to
programs that focus on reproductive and sexual health to communities with a low
income, poor transportation infrastructure, and lower levels of female literacy.
Communities that are affected by diseases (e.g., malaria and tuberculosis) and climatic
events also should receive special support.
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